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57 ABSTRACT

A high-pressure pump has: a plunger; a pump body; a cover
member for covering the pump body and forming a fuel
chamber; a pulsation damper body constructed of upper and
lower diaphragms with their peripheral edge portions joined
and for reducing pressure pulsation in the chamber, the upper
and lower diaphragms trapping gas having a given pressure
between them; an upper support member having an upper
ring-shaped part and an upper support body, the upper ring-
shaped part being joined to the peripheral edge portion of the
upper diaphragm, the upper support body extending from the
upper ring-shaped part and abutting on the cover member;
and a lower support member having a lower ring-shaped part
and a lower support body, the lower ring-shaped part being
joined to the peripheral edge portion of the lower diaphragm,
the lower support body extending from the lower ring-shaped
part and abutting on the pump body.

9 Claims, 45 Drawing Sheets
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1
HIGH PRESSURE PUMP

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on Japanese Patent Application
No. 2011-181464 filed on Aug. 23, 2011, Japanese Patent
Application No. 2011-181465 filed on Aug. 23, 2011, Japa-
nese Patent Application No. 2012-162494 filed on Jul. 23,
2012, and Japanese Patent Application No. 2012-162523
filed on Jul. 23, 2012, the disclosures of which are incorpo-
rated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a high pressure pump.

BACKGROUND

Traditionally, there has been known a high pressure pump
for pressurizing fuel sucked from a fuel tank by a low pressure
pump and for supplying the pressurized fuel to an internal
combustion engine. The high pressure pump has a pulsation
damper for reducing a pressure pulsation in a fuel chamber
communicating with a pressurizing chamber in which the fuel
is pressurized. In the pulsation damper, the peripheral edge
portions of two diaphragms are welded to each other and gas
having a pressure equal to or higher than the atmospheric
pressure is trapped inside the two diaphragms. The two dia-
phragms are displaced according to a pressure change in the
fuel chamber to thereby change the volume of the fuel cham-
ber, whereby a pressure pulsation of the fuel is damped.

A pulsation damper described in Japanese Patent No.
423567 is fitted in a fuel chamber in a state where the periph-
eral edge portions of diaphragms constructing the pulsation
damper are sandwiched by an upper support member and a
lower support member. In this way, the pulsation damper is
inhibited from being displaced in a direction in which the
peripheral edge portions of two diaphragms constructing the
pulsation damper are separated from each other by a pressure
pulsation in the fuel chamber.

However, the pulsation damper described in Japanese
Patent No. 423567 is liable to present the following problems
(D), (2), and (3). (1) In the upper support member and the
lower support member, in order to prevent a stress developed
by the displacement of the diaphragm from being applied to
the welded portion of joining the peripheral edge portions
thereof, end faces abutting on the peripheral edge portions of
the diaphragms need to be formed in parallel to the peripheral
edge portions For this reason, the working cost of the upper
support member and the lower support member is increased.
(2) In the upper support member and the lower support mem-
ber, in order to prevent the stress developed by the displace-
ment of the diaphragm from being applied to the welded
portion of the peripheral edge portions thereof, the peripheral
edge portions of the diaphragms need to be pressed over the
entire circumference by the same load. For this reason, in the
upper support member and the lower support member, an area
of a conical portion of connecting an end face abutting on an
inner wall ofthe fuel chamber with an end face abutting on the
peripheral edge portion of the diaphragm is made large. For
this reason, the flow of the fuel in the fuel chamber is pre-
vented by the upper support member and the lower support
member. (3) In order to prevent a twisting force from being
applied to the diaphragms, the upper support member and the
lower support member need to be fitted to the diaphragms in
such a way that the center of the upper support member is
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aligned with the center of the lower support member. For this
reason, the working accuracy and the fitting accuracy of the
upper support member and the lower support member need to
be improved and hence a manufacturing cost is increased.
Further, in the case where the upper support member and the
lower support member are formed by a press, it is difficult to
decrease a manufacturing tolerance in such a way that the
center of the upper support member is aligned with the center
of the lower support member.

SUMMARY

According to one mode of the present disclosure, a high
pressure pump having a pulsation damper body is character-
ized in that an upper support body extending from an upper
ring-shaped part joined to a peripheral edge portion of the
pulsation damper body abuts on a cover member and in that a
lower support body extending from a lower ring-shaped part
joined to the peripheral edge portion abuts on a pump body.

According to this mode, the upper ring-shaped part and the
lower ring-shaped part can prevent a stress developed by a
displacement of a diaphragm from being applied to a welded
portion of the peripheral edge portion. To this end, the upper
support body extending from the upper ring-shaped part is
made to abut on the cover member and the lower support body
extending from the lower ring-shaped part is made to abut on
the pump body, whereby a pulsation damper can be fitted in a
fuel chamber. Hence, the size of the support body can be
decreased and the flow of the fuel in the fuel chamber can be
made better, and the pulsation damper can be fitted in the fuel
chamber by a simple construction.

According to another mode of the present disclosure, a
high pressure pump having a pulsation damper body is char-
acterized in that a support body extending from at least one of
anupper ring-shaped part and a lower ring-shaped part, which
are joined to a peripheral edge portion of a pulsation damper
body, is engaged with a pump body or a cover member.

According this mode, the upper ring-shaped part and the
lower ring-shaped part can prevent a stress developed by the
displacement of the diaphragm from being applied to the
welded portion of the peripheral edge portion. To this end, the
support body extending from at least one of the upper ring-
shaped part and the lower ring-shaped part is engaged with
the pump body or the cover member, whereby a pulsation
damper can be fitted in a fuel chamber. Hence, the size of the
support body can be decreased and the flow of the fuel in the
fuel chamber can be made better, and the pulsation damper
can be fitted in the fuel chamber by a simple construction.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present disclosure will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 11is a section view of a high pressure pump according
to a first embodiment;

FIG. 2 is a section view taken on a line II-II in FIG. 1;

FIG. 3 is a section view, on an enlarged scale, of a main
portion of the high pressure pump according to the first
embodiment;

FIG. 4A is a plan view of a state where a pulsation damper
to be set in the high pressure pump according to the first
embodiment is not yet fitted in a fuel chamber,

FIG. 4B is a section view taken on a line IVB-IVB in FIG.
4A,
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FIG. 5 is a section view, on an enlarged scale, of the
pulsation damper to be set in the high pressure pump accord-
ing to the first embodiment;

FIG. 6A is a graph to show a displacement of a diaphragm
body of the high pressure pump according to the first embodi-
ment;

FIG. 6B is a graph to show a stress developed in the dia-
phragm body;

FIG. 7 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a second
embodiment;

FIG. 8 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a third embodi-
ment;

FIG. 9A is a plan view illustrating a pulsation damper to be
set in a high pressure pump according to a fourth embodi-
ment;

FIG. 9B is a section view taken on a line IXB-IXB in FIG.
9A;

FIG.9Cis a view when viewed from a IXC direction shown
by arrows in FIG. 9B and a bottom view of the pulsation
damper;

FIG. 10 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a fifth embodi-
ment;

FIG.11is a section view of a high pressure pump according
to a sixth embodiment;

FIG. 12 is a section view, on an enlarged scale, of a main
portion of the high pressure pump according to the sixth
embodiment;

FIG. 13 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a seventh
embodiment;

FIG. 14 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to an eighth
embodiment;

FIG. 15 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a ninth embodi-
ment;

FIG. 16 is a plan view of only a pulsation damper;

FIG.17is a plan view of only a pulsation damper according
to a 10th embodiment;

FIG. 18 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to an 11th embodi-
ment;

FIG. 19 is a bottom view of only a pulsation damper
according to a 12th embodiment;

FIG.201is a section view taken on a line XX -XX in FIG. 19;

FIG. 21 is a section view of a high pressure pump according
to a 13th embodiment;

FIG. 22 is a section view taken on aline XXII-XXIIin FIG.
21;

FIG. 23 is a section view, on an enlarged scale, of a main
portion of the high pressure pump according to the 13th
embodiment;

FIG. 24 A is a plan view in a state where a pulsation damper
to be set in the high pressure pump according to the 13th
embodiment is not yet fitted in a fuel chamber;

FIG. 24B is a section view taken on a line XXIVB-XXIVB
in FIG. 24A;

FIG. 25 is a section view, on an enlarged scale, of a pulsa-
tion damper to be set in the high pressure pump according to
the 13th embodiment;

FIG. 26A is a graph to show a displacement of a diaphragm
of'the high pressure pump according to the 13th embodiment;

FIG. 26B is a graph to show a stress developed in the
diaphragm;

10

15

20

25

30

40

45

50

55

60

65

4

FIG. 27 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 14th embodi-
ment;

FIG. 28A is a plan view of a pulsation damper to be set in
a high pressure pump according to a 15th embodiment;

FIG. 28B is a section view taken on a line XXVIIIB-
XXVIIIB in FIG. 28A;

FIG.28C is a view when viewed from a XX VIIIC direction
shown by arrows in FIG. 28B and a bottom view of the
pulsation damper;

FIG. 29 is a section view of a high pressure pump according
to a 16th embodiment;

FIG. 30 is a section view, on an enlarged scale, of a main
portion of the high pressure pump according to the 16th
embodiment;

FIG. 31 is an enlarged section view of a main portion of a
high pressure pump according to a 17th embodiment;

FIG. 32 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to an 18th embodi-
ment;

FIG. 33 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 19th embodi-
ment;

FIG. 34 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 20th embodi-
ment;

FIG. 35 is a plan view of a lower support member, which is
not yet bent, according to the 20th embodiment;

FIG. 36 is an illustration of fitting the lower support mem-
ber in pump body according to the 20th embodiment;

FIG. 37 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 21st embodi-
ment;

FIG. 38 is an illustration when viewed from a XXXVIII
direction shown by arrows in FIG. 37,

FIG. 39 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 22nd embodi-
ment;

FIG. 40 is a plan view of a lower support member, which is
not yet bent, according to the 22nd embodiment;

FIG. 41 is a plan view of a lower support member, which is
not yet bent, according to a 23rd embodiment;

FIG. 42 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 24th embodi-
ment;

FIG. 43 is an illustration when viewed from a XLIII direc-
tion shown by arrows in FIG. 42;

FIG. 44 is a perspective view in FIG. 43;

FIG. 45 is a plan view of a lower support member, which is
not yet bent, according to the 24th embodiment;

FIG. 46 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 25th embodi-
ment;

FIG. 47 is a plan view of a lower support member, which is
not yet bent, according to the 25th embodiment;

FIG. 48 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 26th embodi-
ment;

FIG. 49 is a plan view of a lower support member, which is
not yet bent, according to the 26th embodiment;

FIG. 50 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 27th embodi-
ment;

FIG. 51 is a plan view of a lower support member accord-
ing to the 27th embodiment:

FIG. 52 is an illustration of fitting the lower support mem-
ber in a pump body according to the 27th embodiment;
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FIG. 53 is an illustration of fitting the lower support mem-
ber in a pump body according to the 27th embodiment;

FIG. 54 is an illustration of fitting the lower support mem-
ber in a pump body according to the 27th embodiment;

FIG. 55 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 28th embodi-
ment;

FIG. 56 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 29th embodi-
ment;

FIG. 57 is aplan view of a pump body according to the 29th
embodiment;

FIG. 58 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 30th embodi-
ment;

FIG. 59 is a section view taken on a line LIX-LIX in FIG.
58;

FIG. 60 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 31st embodi-
ment;

FIG. 61 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 32nd embodi-
ment;

FIG. 62 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 33rd embodi-
ment;

FIG. 63 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 34th embodi-
ment;

FIG. 64 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 35th embodi-
ment; and

FIG. 65 is a section view, on an enlarged scale, of a main
portion of a high pressure pump according to a 36th embodi-
ment.

DETAILED DESCRIPTION

Hereinafter, a plurality of embodiments will be described
on the basis of the drawings.
(First Embodiment)

A high pressure pump 1 according to a first embodiment
will be shown in FIGS. 1 to 6B. The high pressure pump 1
pressurizes fuel sucked from a fuel tank (not shown) by a low
pressure pump and pressure-feeds the fuel to a fuel rail (not
shown). To the fuel rail is coupled an injector for injecting the
fuel into a cylinder of an internal combustion engine. Here-
inafter, the embodiment will be described on the assumption
that an upper side in FIG. 1 is an “upper” side and that a lower
side in FIG. 1 is a “lower” side. However, it is not intended to
limit a direction in which the high pressure pump is set.

The high pressure pump 1, as shown in FIG. 1 and FIG. 2,
includes a plunger 10, a cylinder part 11, an upper pump body
20 and a lower pump body 21 which form a pump body, a
cover member 60, a pulsation damper 70, and the like. Here,
the cylinder part 11 and the pump body may be integrally
constructed. The plunger 10 is formed in the shape of a solid
cylinder and is set inside the cylinder part 11 in such a way as
to reciprocate in an axial direction. In the plunger 10, a large-
diameter part 12 and a small-diameter part 13, whose outside
diameter is smaller than the outside diameter of the large-
diameter part 12, are integrally formed. The large-diameter
part 12 slides on an inner wall of the cylinder part 11. The
small-diameter part 13 is formed below the large-diameter
part 12.

The cylinder part 11 is formed in the shape of a cylinder
having a closed bottom end. A pressurizing chamber 110 is
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formed of an inner wall on the bottom side of the cylinder part
11 and an outer wall of the large-diameter part 12 of the
plunger 10. The cylinder part 11 has a suction port 111, which
makes the pressurizing chamber 110 communicate with a
supply part 30, and a discharge port 112, which makes the
pressurizing chamber 110 communicate with a discharge part
50.

The lower pump body 21 is set outside in a radial direction
of'the cylinder part 11 and has a cylinder holding part 211, an
engine fixing part 212, and a fitting part 213. The cylinder
holding part 211 is formed in a cylindrical shape and abuts on
an outer wall outside in the radial direction of the cylinder part
11. The engine fixing part 212 extends in the shape of a ring
and outward in the radial direction from a lower portion of the
cylinder holding part 211. In this engine fixing part 212 is
formed a fixing hole 214 by which the high pressure pump 1
can be fixed to an engine head. The fitting part 213 extends
downward in a cylindrical shape from the engine fixing part
212. The fitting part 213 can be fitted in a high pressure pump
fixing hole of the engine head (not shown).

An oil seal holder 14 is set inside the fitting part 213. The
oil seal holder 14 is formed nearly in a cylindrical shape and
has a press-in part 141 pressed in the inner wall of the fitting
part 213 and a base part 142 positioned at the outer periphery
of the small-diameter part 13. A ring-shaped seal 15 is set
between the oil seal holder 14 and the small-diameter part 13.
The seal 15 is constructed of a Teflon ring 151 (Teflon is a
trademark) set inside in the radial direction and an O ring 152
set outside in the radial direction. The thickness of a fuel oil
film around the small-diameter part 13 of the plunger 10 is
controlled by the seal 15 to inhibit a leak of the fuel to the
engine. Further, the oil seal holder 14 has an oil seal 153 at its
tip. The thickness of the oil film around the small-diameter
part 13 of the plunger 10 is controlled by the oil seal 153 to
inhibit a leak of the oil into the high pressure pump 1 from the
engine.

A plunger stopper 16 is formed in the shape of a disk and is
set between an end portion of the cylinder part 11 and the seal
15. The plunger stopper 16 has the small-diameter part 13 of
the plunger 10 passed through a hole formed in its center. The
plunger stopper 16 has a plurality of grooves 161 extending to
the outside in the radial direction from the hole formed in the
center. A variable volume chamber is formed by a cylindrical
space surrounded by a stepped face of the large-diameter part
12 and the small-diameter part 13 of the plunger 10, the outer
wall of the small-diameter part 13, the inner wall of the
cylinder part 11, and the plunger stopper 16. A plunger spring
17 has one end engaged with a spring seat 18 set on an end
portion of the plunger 10 and has the other end engaged with
a press-in part 141 of the oil seal holder 14. The plunger
spring 17 biases the end portion of the plunger 10 to a cam-
shaft (not shown) via a tappet (not shown), whereby the
plunger 10 is reciprocated in an axial direction according to a
profile of the camshaft. The volume of the pressurizing cham-
ber 110 and the volume of the variable volume chamber are
changed by the reciprocation movement of the plunger 10.

The upper pump body 20 is formed nearly in the shape of
a rectangular solid and is set above the lower pump body 21.
The upper pump body 20 has a cylinder insertion hole 22, the
supply part 30, and the discharge part 50. In the upper pump
body 20, an inner wall of the cylinder insertion hole 22 is
pressed onto an outer wall outside in the radial direction of the
cylinder part 11. The supply part 30 is constructed of a suction
valve body 31, a seat body 32, a suction valve member 33, a
first spring holder 34, a first spring 35, an electromagnetic
drive part 40, and the like. The suction valve body 31 is
formed nearly in a cylindrical shape and is pressed in a suc-
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tion passage 23 formed in the upper pump body 20. The
cylindrical seat body 32 is set on the pressurizing chamber
side of the suction valve body 31. The seat body 32 has a
suction chamber 311 formed inside. The suction chamber 311
communicates with a fuel chamber 63 outside the upper
pump body 20 through a communication passage 24 formed
in the upper pump body 20. The seat body 32 has a valve seat
36 for a suction valve on the pressurizing chamber side. The
suction valve member 33 is set on the pressurizing chamber
side of the valve seat 36 for a suction valve and can be seated
on or separated from the valve seat 36 for a suction valve. One
end of the first spring 35 abuts on a first spring holder 34 set
on the pressurizing chamber side of the suction valve member
33 and the other end of the first spring 35 abuts on the suction
valve member 33. The first spring 35 biases the suction valve
member 33 in a direction to close the valve (in the left direc-
tion in FIG. 1).

The electromagnetic drive part 40 has a fixed core 41, acoil
42, amovable core 43, and the like. The fixed core 41 is set on
a side opposite to the pressurizing chamber 110 of the suction
valve body 31. A cylindrical member 44 formed of a non-
magnetic material is set between the fixed core 41 and the
suction valve body 31. The cylindrical member 44 inhibits a
short circuit of a magnetic flux from being developed between
the fixed core 41 and the suction valve body 31. The coil 42 is
wound around a bobbin 45 set outside in the radial direction
of'the fixed core 41. The outside of the coil 42 is covered with
a cylindrical case 46 and a flange 47. A connector 48 is
extended outward in the radial direction of the case 46. When
electricity is passed through the coil 42 via a terminal 481 of
the connector 48, the coil 42 generates a magnetic field. The
movable core 43 nearly shaped like a cylinder is set on the
pressurizing chamber side of the fixed core 41 and inside the
suction valve body 31 in such a way as to reciprocate. The
movable core 43 has a needle 49 fixed thereto. The needle 49
is supported by a second spring holder 37 set inside the
suction valve body 31 in such a way as to reciprocate. An end
portion on the pressurizing chamber side of the needle 49 can
abut on the suction valve member 33. A second spring 38 set
inside the second spring holder 37 biases the needle 49 in a
direction to open the valve (in the right direction in FIG. 1) by
aforce stronger than a force by which the first spring 35 biases
the suction valve member 33 in a direction to close the valve.

When the electricity is not passed through the coil 42, the
movable core 43 and the fixed core 41 are separated from each
other by a biasing force of the second spring 38. In this way,
the needle 49 integrated with the movable core 43 is moved to
the pressurizing chamber side to thereby press the suction
valve member 33 by an end face of the needle 49, whereby the
suction valve member 33 is opened. When the electricity is
passed through the coil 42, a magnetic flux flows through a
magnetic circuit formed of the fixed core 41, the movable core
43, the flange 47, and the case 46, and hence the movable core
43 is magnetically attracted to the fixed core 41 side against
the biasing force of the second spring 38. In this way, the
needle 49 releases a force of pressing the suction valve mem-
ber 33.

The discharge part 50 is constructed of a fuel discharge
housing 51, a discharge valve body 52, a discharge valve
member 53, a relief valve member 54, and the like. The fuel
discharge housing 51 is formed nearly in a cylindrical shape
and is pressed in a discharge passage 25 formed in the upper
valve body 20. Inside the fuel discharge housing 51 is set the
discharge valve body 52. The discharge valve body 52 has a
valve seat 56 for a discharge valve on a fuel outlet 55 side. The
discharge valve member 53 is set on the fuel outlet 55 side of
the discharge valve body 52 and can be seated on and sepa-
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rated from the valve seat 56 for a discharge valve. A discharge
valve spring 57 biases the discharge valve member 53 to the
valve seat 56 for a discharge valve. The discharge valve body
52 has a valve seat 58 for a relief valve on the pressurizing
chamber side. The relief valve member 54 is set on the pres-
surizing chamber side of the valve seat 58 for a relief valve
and can be seated on and separated from the valve seat 58 for
a relief valve. A relief valve spring 59 biases the relief valve
member 54 to the valve seat 58 for a relief valve. A relief
passage 521 formed inside the valve seat 58 for a relief valve
communicates with a fuel outlet 55.

The cover member 60 is formed in the shape of a cylinder
having a closed bottom end and has a bottom part 61 and a
cylinder part 62 extending in one direction from an outer edge
of the bottom part 61. The cylinder part 62 is hermetically
joined to the engine fixing part 212 of the lower pump body 21
by welding or the like. The cover member 60 covers the upper
pump body 20 and the lower pump body 21 and forms a fuel
chamber 63 inside itself. The fuel chamber 63 communicates
with the pressurizing chamber 110 through a communication
passage 24 of the upper pump body 20 and a suction chamber
311. As shown in FIG. 2, the cover member 60 has the cylin-
der part 62 formed nearly in an octagonal shape in cross
section and has a first insertion hole 64 into which the supply
part 30 is inserted, a second insertion hole 65 into which the
discharge part 50 is inserted, and a third insertion hole 67 into
which a fuel inlet 66 is inserted. The fuel inlet 66 supplies the
fuel sucked from a fuel tank (not shown) by a low-pressure
pump (not shown) to the fuel chamber 63. The first insertion
hole 64 and the supply part 30 of the cover member 60 are
hermetically joined to each other by welding or the like.
Similarly, the second insertion hole 65 and the discharge part
50, and the third insertion hole 67 and the fuel inlet 66, are
hermetically joined to each other, respectively, by the welding
or the like. When the fuel is sucked into the pressurizing
chamber 110 from the fuel chamber 63 via the communica-
tion passage 24 and the suction chamber 311 by the recipro-
cation movement of the plunger 10 or when the fuel is dis-
charged to the fuel chamber 63 from the pressurizing chamber
110 via the suction chamber 311 and the communication
passage 24, a fuel pressure pulsation is generated in the fuel
chamber 63.

As shown in FIG. 3 and FIG. 4, a pulsation damper 70 is set
between the upper pump body 20 and the cover member 60.
The pulsation damper 70 has a pulsation damper body 71, an
upper support member 80, and a lower support member 90
and is constructed as a sub-assembly. The pulsation damper
body 71 is constructed of two diaphragms 72, 73. Each of the
diaphragms 72, 73 is formed in the shape of a plate by press-
working a metal plate, for example, a stainless steel plate
having a high proof stress and a high fatigue limit. In the
pulsation damper body 71, the peripheral edge portions 74, 75
of'the two diaphragms 72, 73 are joined to each other and gas
having a given pressure is trapped in a closed space 76 formed
inside the joined diaphragms 72, 73. In the pulsation damper
body 71, the two diaphragms 72, 73 are elastically deformed
according to a change in a fuel pressure in the fuel chamber 63
to thereby reduce a fuel pressure pulsation in the fuel chamber
63. By adequately setting the thickness, material, and outside
diameter of the two diaphragms 72, 73 and the pressure of the
gas trapped in the closed space 76 according to endurance or
the other required performance, a spring constant of the pul-
sation damper body 71 is set. A pulsation frequency and a
pulsation damping capacity that are reduced by the pulsation
damper body 71 are determined by the spring constant. When
the thickness of the diaphragm is thin, a pulsation damping
effect of the pulsation damper body 71 is improved. Further,
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when the movable parts 78, 79 of the pulsation damper body
71 have a large outside diameter, the pulsation damping effect
of'the pulsation damper body 71 is improved. Here, the mov-
able parts 78, 79 are parts that are nearly shaped like a disk
and that can be displaced when the pulsation damper body 71
reduces the fuel pressure pulsation in the fuel chamber 63.

The upper support member 80 has an upper ring-shaped
part 81, an upper cover part 82, and upper support bodies 83
and is integrally formed by press-working a metal plate, for
example, a stainless steel plate having a given rigidity. A plate
forming the upper support member 80 is referred to as a first
plate. The upper ring-shaped part 81 is formed parallel to the
peripheral edge portion 74 of the upper diaphragm 72 and in
the shape ofa ring. The upper ring-shaped part 81 of the upper
support member 80, the peripheral edge portion 74 of the
upper diaphragm 72, the peripheral edge portion 75 of the
lower diaphragm 73, and a lower ring-shaped part 91 of the
lower support member 90 are joined to each other continu-
ously over an entire circumference in a peripheral direction
by the laser welding. A welding seam 77 will be shown in
FIG. 5. The welding seam 77 is formed over the entire cir-
cumference of the pulsation damper 70.

Theupper cover part 82 extends along the upper diaphragm
72 from the upper ring-shaped part 81. The upper cover part
82 is formed in the shape of a plane nearly parallel to the
movable part 78 of the upper diaphragm 72. Here, a plane
including the abutting faces of the peripheral edge portions
74, 75 of the two diaphragms 72, 73 is assumed to be an
imaginary plane S. A distance between the imaginary plane S
in the case where an atmospheric pressure in the closed space
76 of the pulsation damper body 71 is equal to an atmospheric
pressure outside the pulsation damper body 71 and a center of
an outside end face of the movable part 78 is assumed to be a
distance d1. Further, a distance between an end face on the
upper diaphragm side of the upper cover part 82 and the
imaginary plane S is assumed to be a distance d2 (not shown).
Inthis case, there is a relationship such that d2>d1. The upper
cover part 82 inhibits the upper diaphragm 72 from bulging to
a bottom side of the cover member 60. The upper cover part
82 has a circular fuel passage 84 in the center and has four fuel
passages 85 in the peripheral direction. These fuel passages
84, 85 are formed by press-working the first plate.

The four upper support bodies 83 are formed at the same
time of press-working the fuel passages 84, 85 or by bending
conducted after the press-working. In other words, a hole
formed when the upper support body 83 is cut out of the first
plate becomes the fuel passage 85. The upper support body 83
connects with the upper cover part 82 on the cover member
side of the movable part 78 of the upper diaphragm 72 and
extends outward in the radial direction from a position where
the upper support body 83 connects with the upper cover part
82. Specifically, the upper support body 83 has its one end
connected with an inner peripheral side of the upper cover
part 82 (in detail, a position inside half the radius of the upper
diaphragm 72 and outside the fuel passage 84 in the center)
and has the other end extended to an outer peripheral side of
the upper cover part 82. The upper support body 83 has a
vertical part 86 which extends nearly vertically to a bottom
portion side of the cover member 60 from the upper cover part
82, an upper abutting part 87 which bends short of the cover
member 60 to the outside in the radial direction from an end
portion on a cover member side of the vertical part 86 and
extends to the outside in the radial direction, and a curving
part 88 which curves to an upper diaphragm side from an end
portion outside in the radial direction of the upper abutting
part 87. In the upper support body 83, the upper abutting part
87 abuts on an inner wall of the cover member 60. The upper
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abutting part 87 abuts on the cover member 60 on the outside
in the radial direction and has a clearance formed between a
portion inside in the radial direction and the cover member 60.
In this state, a distance between the upper abutting part 87 of
the upper support body 83 and the upper cover part 82 is
assumed to be hl. On the other hand, in the state where the
pulsation damper 70 is set in the fuel chamber 63, a distance
between the upper abutting part 87 of the upper support body
83 and the upper cover part 82 is assumed to be h2. In this
case, there is a relationship such that h1>h2. A load to be
applied to the upper support body 83 is set by the material and
the thickness of the upper support body 83, the angle formed
by the vertical part 86 and the upper abutting part 87, and a
distance of (h1-h2). In other words, the upper support body
83 has a spring force of pressing the cover member 60 to a side
opposite to the pump body.

The lower support member 90 has substantially the same
construction as the upper support body 80. The lower support
member 90 has alower ring-shaped part 91, a lower cover part
92, and lower support bodies 93 and is integrally formed by
press-working a plate made of metal, for example, stainless
steel having a given rigidity. The plate forming the lower
support member 90 is referred to as a second plate. The lower
ring-shaped part 91 is formed parallel to the peripheral edge
portion 75 of the lower diaphragm 73 and in the shape of a
ring. The lower cover part 92 extends along the lower dia-
phragm 73 from the lower ring-shaped part 91. The lower
cover part 92 is formed in the shape of a plane nearly parallel
to the movable part 79 of the lower diaphragm 73. A distance
between the imaginary plane S in the case where the atmo-
spheric pressure in the closed space 76 of the pulsation
damper body 71 is equal to the atmospheric pressure outside
the pulsation damper body 71 and a center of an outside end
face of the movable part 79 is assumed to be d3. Further, a
distance between an end face on a lower diaphragm 73 side of
the lower cover part 92 and the imaginary plane S is assumed
to be d4 (not shown). In this case, there is a relationship such
that d4>d3. The lower cover part 92 inhibits the lower dia-
phragm 72 from bulging to an upper body side. The lower
cover part 92 has a circular fuel passage 94 in the center and
has four fuel passages 95 in the peripheral direction. These
fuel passages 94, 95 are formed by press-working the second
plate member.

The four lower support bodies 93 are formed at the same
time of press-working the fuel passages 94, 95 or by bending
conducted after the press-working. In other words, a hole
formed when the lower support body 93 is cut out of the
second plate becomes the fuel passage 95. The lower support
body 93 connects with the lower cover part 92 on a pump
body side of the movable part 79 of the lower diaphragm 73
and extends outward in the radial direction from a position
where the lower support part 93 connects with the lower cover
part 92. Specifically, the lower support body 93 has its one end
connected with an inner peripheral side of the lower cover
part 92 (in detail, a position inside half the radius of the lower
diaphragm 73 and outside the fuel passage 94 in the center)
and has the other end extended to an outer peripheral side of
the lower cover part 92. The lower support body 93 has a
cylinder abutting part 96 which extends nearly vertically to an
upper pump body side from the lower cover part 92, a lower
abutting part 97 which bends short of the upper pump body 20
to the outside in the radial direction from an end portion on an
upper pump body side of the cylinder abutting part 96 and
extends to the outside in the radial direction, and a curving
part 98, which curves to the lower diaphragm 73 from an end
portion outside in the radial direction of the lower abutting
part 97.



US 9,109,593 B2

11

The cylinder abutting part 96 extends in the axial direction
of the cylinder part 11 along an outer wall of a projected
portion 19 of the cylinder part 11 projecting to a fuel chamber
side from the upper pump body 20. The projected portion 19
of the cylinder part 11 is inserted into between four cylinder
abutting parts 96. An outside diameter D1 of the projected
portion 19 of the cylinder part 11 is assumed to be an outside
diameter D1. The outside diameter D1 of the projected por-
tion 19 of the cylinder part 11 is formed in a smaller diameter
than an outside diameter of a portion of a cylinder body
pressed in the upper pump body 20. A distance between end
faces inside in the radial direction of the two cylinder abutting
parts 96 opposed to each other across the cylinder part 11 is
assumed to be a distance D2. There is a relationship such that
D1=D2. In this way, the cylinder abutting parts 96 are
engaged with the outer wall outside in the radial direction of
the projected portion 19 of the cylinder part 11. Thus, the
pulsation damper 70 is inhibited from moving in the radial
direction.

The lower abutting part 97 is fitted in a depressed groove 26
made in the upper pump body 20. The lower abutting part 97
abuts on the depressed groove 26 of the upper pump body 20
on the outside in the radial direction and has a small clearance
formed between its inside portion in the radial direction and
the depressed groove 26. In this state, a distance between the
lower abutting part 97 and the low cover part 92 is assumed to
be h3. On the other hand, in the state where the pulsation
damper 70 is set in the fuel chamber 63, a distance between
the lower abutting part 97 and the lower cover part 92 is
assumed to be hd4. In this case, there is a relationship such that
h3>h4. A load to be applied to the lower support body 93 is set
by the material and the thickness of the lower support body
93, the angle formed by the cylinder abutting part 96 and the
lower abutting part 97, and a distance of (h3-h4). In other
words, the lower support body 93 has a spring force of press-
ing the upper pump body 20 to a side opposite to the cover
member 60. A space 100 is formed continuously in the
peripheral direction between the cylinder part 62 of the cover
member 60 and the pulsation damper body 71. The fuel flows
to the upper diaphragm 72 and the lower diaphragm 73 via the
space 100. Thus, the fluid resistance of the fuel chamber 63 is
reduced and the pulsation damper 70 can produce a high
pulsation damping effect.

Next, the action of the high pressure pump 1 will be
described.

(D Suction Process

When the plunger 10 is moved down from a top dead center
to a bottom dead center by the rotation of a camshaft, the
volume of the pressurizing chamber 110 is increased and
hence the pressure of the fuel is decreased. A discharge valve
member 53 of the discharge part 50 is seated on the valve seat
56 for a discharge valve to close the fuel outlet 55. At this
time, the passing of electricity through the coil 42 is stopped,
so that the movable core 43 and the needle 49 are moved
toward the pressuring chamber 110 by the biasing force of the
second spring 38. As aresult, the needle 49 presses the suction
valve member 33 to bring the suction valve member 33 into a
state where the suction valve member 33 abuts on the first
spring holder 34, whereby the suction valve member 33 is
held in an open state. In this way, the fuel is sucked into the
pressurizing chamber 110 from the fuel chamber 63 via the
communication passage 24, the suction chamber 311, and the
suction hole 111. In the suction process, when the plunger 10
is moved down, the volume of a variable volume chamber is
decreased. Thus the fuel in the variable volume chamber is
fed to the fuel chamber 63.
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(II) Volume Control Process

When the plunger 10 is moved up from the bottom dead
center to the top dead center by the rotation of the camshatft,
the volume of the pressurizing chamber 110 is decreased. At
this time, the passing of electricity through the coil 42 is
stopped until a given timing, so that the suction valve member
33 is held in the open state. For this reason, the low-pressure
fuel sucked once into the pressurizing chamber 110 is
returned to the fuel chamber 63 via the communication pas-
sage 24 and the like. In the volume control process, when the
plunger 10 is moved up, the volume of the variable volume
chamber is increased. Thus, the fuel in the fuel chamber 63 is
sucked into the variable volume chamber.

When the passing of electricity through the coil 42 is
started at a given timing in the middle of the process in which
the plunger 10 is moved up, a magnetic attracting force is
generated between the fixed core 41 and the movable core 43.
When this magnetic attracting force is larger than a force
obtained by subtracting the biasing force of the first spring 35
from the biasing force of the second spring 38, the movable
core 43 and the needle 49 are moved to the fixed core 41,
whereby the force by which the needle 49 presses the suction
valve member 33 is released. In this way, the suction valve
member 33 is seated on the valve seat 36 for a suction valve by
the biasing force of the first spring 35, thereby being brought
into the open state.

(IIT) Pressurizing Process

After the suction valve member 33 is closed, as the plunger
10 is moved up, a fuel pressure in the pressurizing chamber
110 is increased. When the force, which the pressure of the
fuel on the pressurizing chamber side applies to the discharge
valve member 53, is larger than a resultant force of the force,
which the pressure of the fuel on the fuel outlet 55 side applies
to the discharge valve member 53, and a biasing force of the
discharge valve spring 57, the discharge valve member 53 is
opened. In this way, the fuel pressurized in the pressurizing
chamber 110 is discharged from the fuel outlet 55. Here, the
passing of electricity through the coil 42 is stopped in the
middle of the pressurizing process. The force which the pres-
sure of the fuel in the pressurizing chamber 110 applies to the
suction valve member 33 is larger than the biasing force of the
second spring 38, so that the suction valve member 33 is held
closed. In this way, the high pressure pump 1 repeatedly
performs the suction process, the volume control process, and
the pressuring process to thereby pressurize and discharge the
fuel of a volume necessary for the internal combustion
engine.

Next, a displacement and a stress developed in the pulsa-
tion damper body 71 will be described. The displacement of
the lower diaphragm 73 of the pulsation damper body 71 will
be shown in FIG. 6A and the stress developed in the lower
diaphragm 73 at that time will be shown in FIG. 6B. Solid
lines on the left side of time t0 in FIG. 6 A show a state in
which the engine of a vehicle is stopped and in which the high
pressure pump 1 is not acted (hereinafter referred to as “non-
acting state”). Since the lower diaphragm 73 has its bulging
restricted by the lower cover part 92, a distance between the
center of the outside end face of the lower diaphragm 73 and
the imaginary plane S is d3 in a non-acting state. Here, a
broken line C on the left side of the time t0 in FIG. 6 A shows
a distance between a center of an outside end face of a lower
diaphragm of a conventional pulsation damper body, which is
not provided with a cover part, and the imaginary plane S.
When time passes from the time t0 to the time t1, the high
pressure pump 1 is brought into an action starting state from
the non-acting state. At this time, the fuel pressure in the fuel
chamber 63 is increased and hence the lower diaphragm 73
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and the upper diaphragm 72 are displaced in the direction in
which the lower/upper diaphragms 73, 72 are brought closer
to each other, so that the distance between the center of the
outside end face of the lower diaphragm 73 and the imaginary
plane S is deceased to a distance d4. At this time, a displace-
ment width of'the lower diaphragm 73 is A (d3-d4). After the
time t1, the high pressure pump 1 is in an acting state. At this
time, the lower diaphragm 73 and the upper diaphragm 72
repeatedly perform an operation to come close to each other
and an operation to separate from each other because of the
pulsation of the fuel pressure in the fuel chamber 63. For this
reason, the distance between the center of the outside end face
of the lower diaphragm 73 and the imaginary plane S is
changed within a given range. A displacement width of the
lower diaphragm 73 at this time is B.

In FIG. 6B, a stress developed in the lower diaphragm 73
when the distance between the center of the outside end face
of'the lower diaphragm 73 and the imaginary plane S is larger
than d4 is shown on a plus side (+) of a vertical axis, whereas
a stress developed in the lower diaphragm 73 when the dis-
tance between the center of the outside end face of the lower
diaphragm 73 and the imaginary plane S is smaller than d4 is
shown on a minus side (-) of the vertical axis. The lower
diaphragm 73 has its bulging restricted to d3 by the lower
cover part 92, so that a stress developed in the lower dia-
phragm 73 when the high pressure pump 1 is in the non-acting
state is 1. When the high pressure pump 1 is brought from
the non-acting state into the action starting state, a stress
developed in the lower diaphragm 73 becomes 0. A change in
the stress of the lower diaphragm 73 at this time is A (01-0).
After the time t1, when the high pressure pump 1 is brought
into the acting state, the stress developed in the lower dia-
phragm 73 is varied within a given range E. Here, a broken
line F on the left side of the time t0 in FIG. 6B shows a stress
developed in the lower diaphragm of the conventional pulsa-
tion damper body not having the cover part. The displacement
and the stress of the upper diaphragm 72 are developed simi-
larly to the displacement and the stress of the lower dia-
phragm 73. In the lower diaphragm 73 and the upper dia-
phragm 72, a change in the stress when the high pressure
pump 1 is brought from the non-acting state into the action
starting state and from the acting state into the non-acting
state is reduced by the cover parts 82, 92 of the upper/lower
support members 80, 90.

In the present embodiment, the following effects are pro-
duced. (1) In the present embodiment, the cylinder part 11 has
the projected portion 19 projecting to the fuel chamber side
from the upper pump body 20. The lower support body 93 of
the lower support member 90 is engaged with the outer wall
of the projected portion 19 of the cylinder part 11. The cyl-
inder abutting parts 96 of the lower support body 93 extend in
the axial direction of the cylinder part 11 along the outer wail
of'the projected portion 19 of the cylinder part 11, so that the
pulsation damper 70 can be surely inhibited from moving in
the radial direction by the cylinder abutting parts 96. Thus, the
pulsation damper body 71 can be easily set in the fuel cham-
ber 63. (2) In the present embodiment, the ring-shaped parts
81, 91 of the upper/lower support members 80, 90 are formed
parallel to the peripheral edge portions 74, 75 of the upper/
lower diaphragms 72, 73 and in the shape of a ring and are
joined to each other over the entire circumference by the laser
welding together with the peripheral edge portions 74, 75 of
the upper/lower diaphragms 72, 73. The peripheral edge por-
tions 74, 75 are increased in rigidity by the ring-shaped parts
81, 91, whereby the peripheral edge portion 74 of the upper
diaphragm 72 and the peripheral edge portion 75 of the lower
diaphragm 73 are inhibited from being displaced in the direc-
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tion in which they are separated from each other. Thus, it is
possible to surely inhibit a repeated stress from being applied
to the joined portion 77 of the peripheral edge portions 74, 75
of'the upper/lower diaphragms 72,73 by a stress amplitude of
the pulsation damper body 70. (3) In the present embodiment,
the support bodies 83, 93 abutting on the cover member 80 or
the upper pump body 20 connect with the cover parts 82, 92,
so that the cover parts 82, 92 are inhibited from being dis-
placed. For this reason, by the cover parts 82, 92, the movable
parts 78, 79 of the upper/lower diaphragms 72, 73 can be
inhibited from being displaced in the direction in which they
are separated from each other. Hence, this can surely inhibit a
repeated stress from being applied to the joined portion 77 of
the peripheral edge portion 74 of the upper diaphragm 72 and
the peripheral edge portion 75 of the lower diaphragm 73. (4)
In the present embodiment, the space 100 is formed continu-
ously in the peripheral direction between the cylinder part 62
of'the cover member 60 and the pulsation damper body 71. In
this way, the fuel easily flows to the upper diaphragm 72 and
the lower diaphragm 73. Hence, the fluid resistance in the fuel
chamber can be reduced and the pulsation damper body 71
can produce a high pulsation damping effect. (5) In the
present embodiment, the hole made in the first plate that is the
base material of the upper support member 80 by cutting out
the upper support body 83 from the first plate becomes the
fuel passage 85. Further, the hole made in the second plate
that is the base material of the lower support member 90 by
cutting out the lower support body 93 from the second plate
becomes the fuel passage 95. In this way, without working the
pump body 20 or the cover member 60, the upper support
body 83 and the lower support body 93 can be formed in the
upper support member 80 or the lower support member 90
and, at the same time, the fuel passages 85, 95 can be formed.
Hence, the production process of the upper support member
80 and the lower support member 90 can be simplified and
hence a production cost can be reduced.

(Second Embodiment)

A high pressure pump according to a second embodiment
will be shown in FIG. 7. In the second embodiment, four
upper support bodies 831 of the upper support member 80
connect with the upper cover part 82 on the cover member
side of the movable part 78 of the upper diaphragm 72 and
extend to the inside in the radial direction from the positions
in which the upper support bodies 831 connect with the upper
cover part 82. Specifically, each of the upper support bodies
831 has its one end connected with an outer peripheral side of
the upper cover part 82 (in detail, a position outside half the
radius of the upper diaphragm 72 and inside a bent portion of
the upper cover part 82) and has the other end extended to an
inner peripheral side of the upper cover part 82. The upper
support body 831 has a slant part 89, which extends on the
slantto a bottom portion side of the cover member 60 from the
upper cover part 82, and a curving part 88, which curves to the
upper diaphragm 72 from an end portion inside in the radial
direction of the slant part 89. The slant part 89 abuts on an
inner wall of the cover member 60. Four lower support bodies
931 of the lower support member 90 connect with the lower
cover part 92 on a pump body side of the movable part 79 of
the lower diaphragm 73 and extend to the inside in the radial
direction from the positions in which the lower support bodies
931 connect with the lower cover part 92. Specifically, each of
the lower support bodies 931 has its one end connected with
the outer peripheral side of the lower cover part 92 (in detail,
a position outside half the radius of the lower diaphragm 73
and inside a bent portion of the lower cover part 92) and has
the other end extended to the inner peripheral side of the lower
cover part 92. The lower support body 931 has a slant part 99,
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which extends on the slant to the bottom portion side of the
cover member 60 from the lower cover part 92, and a curving
part 98, which curves to the lower diaphragm 72 from an end
portion inside in the radial direction of the slant part 99. The
slant part 99 abuts on the upper pump body 20 and the curving
part 98 abuts on the depressed portion 19 of the cylinder part
11.

The four upper support bodies 831 are formed at the same
time of press-working the fuel passages 84, 85 of the upper
cover part 82 or by bending conducted after the press-work-
ing. A hole formed when the upper support body 831 is cut out
of'the first plate becomes the fuel passage 85. The four lower
support bodies 931 are formed at the same time of press-
working the fuel passage 95 of the lower cover part 92 or by
bending conducted after the press-working. A hole formed
when the lower support body 931 is cut out of the second plate
becomes the fuel passage 95. A load to be applied to the upper
support body 831 is set by the material and the thickness of
the upper support body 831, an angle formed by the lower
cover part 82 and the slant part 89. A load to be applied to the
lower support body 931 is set by the material and the thick-
ness of the lower support body 931, an angle formed by the
lower cover part 92 and the slant part 99. The projected
portion 19 of the cylinder part 11 is inserted into between the
four lower support bodies 931. The lower support bodies 931
are engaged with the outer wall in the radial direction of the
projected portion 19 of the cylinder part 11. In this way, the
pulsation damper 70 is inhibited from moving in the radial
direction. Also in the second embodiment, the same effects
described in the first embodiment can be produced.

(Third Embodiment)

A high pressure pump according to a third embodiment
will be shown in FIG. 8. In the third embodiment, an upper
support member 800 is formed nearly in a cylindrical shape.
In the upper support member 800, one side in the axial direc-
tion abuts on an inner wall of the cover member 60 and the
other side abuts on the peripheral edge portion 74 of the upper
diaphragm 72. The upper support member 800 has four claw
parts 801 which are formed by cutting away one portion of the
cylinder from a cover member side to an upper diaphragm
side and by bending the one portion to the outside in the radial
direction. The claw parts 801 are engaged with the outside
edge of the ring-shaped part 91 of the lower support member
90. The portions cut away to form the claw parts 801 become
fuel passages 811. The lower support member 90 has the same
construction as in the first embodiment. For this reason, the
pulsation damper 70 is inhibited from moving in the radial
direction by the lower support body 93 and the pulsation
damper 70 can be easily positioned in the fuel chamber. Also
in the present embodiment, the space 100 is formed continu-
ously in the peripheral direction between the cylinder part 62
of the cover member 60 and the pulsation damper body 71.
Further, the fuel flows in the upper/lower diaphragm 72, 73
via the fuel passages 811 of the upper support members 800.
In this way, the fluid resistance in the fuel chamber can be
reduced and the pulsation damper body 71 can produce a high
pulsation damping effect.

(Fourth Embodiment)

A high pressure pump according to a fourth embodiment
will be shown in FIGS. 9A to 9C. In the fourth embodiment,
the upper support member 80 and the lower support member
90 are joined to each other in the state in which they are turned
by 45° in the peripheral direction. The position of the upper
pump body 20 is shown by a single-dot and dash line in FIG.
9C. Four lower support bodies 93 surely abut on the upper
pump body 20. In the fourth embodiment, in the case where
there is a limit in a direction in which the upper support
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member 80 is fitted under the conditions, for example, that an
inner wall of the cover member 60 has depressions and pro-
jections, the pulsation damper 70 can be set in the fuel cham-
ber without enlarging the width of the upper pump body 20.
(Fifth Embodiment)

A high pressure pump according to a fifth embodiment will
be shown in FIG. 10. In the fifth embodiment, an upper
support member 802 does not have an upper cover part. In the
upper support member 802, an upper support body 832
extends to a cover member side from the upper ring-shaped
part 81 and abuts on the inner wall of the cover member 60.
Further, a lower support member 902 does not have a lower
cover part. In the lower support member 902, a lower support
body 932 extends to the upper pump body side from the lower
ring-shaped part 91 and abuts on the upper pump body 20 and
is engaged with an outer wail outside in the radial direction of
the projected portion 19 of the cylinder part 11. In the fifth
embodiment, even in the case where the support members
802, 902 not having the cover part are used, by engaging the
lower support body 932 of the lower support member 902
with the outer wall of the projected portion 19 of the cylinder
part 11, the pulsation damper 70 can be easily positioned in
the fuel chamber.

(Sixth Embodiment)

A high pressure pump according to a sixth embodiment
will be shown in FIG. 11 and its main portion will be shown
in FIG. 12. In the sixth embodiment, the cylinder part 11 does
not project into the fuel chamber 63 from the upper pump
body 20. Instead, the upper pump body 20 has a projected
portion 191. An upper support member 803 has the upper
ring-shaped part 81, the upper cover part 82, and an upper
support body 833. The upper support body 833 abuts on the
cover member 60. The upper support body 833 presses the
cover member 60 to a side opposite to the upper pump body
20 by a given spring force. The lower support member 90 has
the lower ring-shaped part 91, the lower cover part 92, and the
lower support body 93. The lower support body 93 abuts on
the upper pump body 20 and its projected portion 191. In this
way, the pulsation damper 70 is inhibited from moving in the
radial direction and is positioned in the fuel chamber 63. The
lower support body 93 presses the upper pump body 20 to a
side opposite to the cover member 60 by a given spring force.
Also in the present embodiment, a hole made in the first plate
that is the base material of the upper support member 803 by
cutting out the upper support body 833 from the first plate
becomes the fuel passage 85. Further, a hole made in the
second plate that is the base material of the lower support
member 90 by cutting out the lower support body 93 from the
second plate becomes the fuel passage 95. Also in the sixth
embodiment, the same effects as in the first to the fifth
embodiments can be produced.

(Seventh Embodiment)

A main portion of a high pressure pump according to a
seventh embodiment will be shown in FIG. 13. In the seventh
embodiment, a depressed portion 192 is formed in the upper
pump body 20. The lower support body 93 of the lower
support member 90 abuts on the depressed portion 192 of the
upper pump body 20. In this way, the pulsation damper 70 is
inhibited from moving in the radial direction and is positioned
in the fuel chamber 63. Also in the seven embodiment, the
same effects as in the first to the sixth embodiments can be
produced.

(Eighth Embodiment)

A main portion of a high pressure pump according to an
eighth embodiment will be shown in FIG. 14. In the eighth
embodiment, holes 193 are formed in the upper pump body
20. The lower support body 93 of the lower support member
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90 has projections 933 at the positions corresponding to the
holes 193 of the upper pump body 20. When the projections
933 of the lower support body 93 are put in the holes 193 of
the upper pump body 20, the pulsation damper 70 is inhibited
from moving in the radial direction and is positioned in the
fuel chamber 63. Further, in the eighth embodiment, the pul-
sation damper 70 is positioned in a position shifted in a
direction separated from the communication passage 24 of
the upper pump body 20. For this reason, a space around the
communication passage 24 of the fuel chamber 63 is made
wider. Hence, a flow coefficient of the fuel flowing to the
communication passage 24 from the fuel chamber 63
increases and hence the fuel easily flows. Further, the flow
coefficient of the fuel flowing to the fuel chamber 63 from the
communication passage 24 increases and hence the fuel eas-
ily flows. Hence, the pressure pulsation of the fuel can be
reduced and a suction efficiency of the fuel into the pressur-
izing chamber 110 from the fuel chamber 63 can be improved.
(Ninth Embodiment)

A main portion of a high pressure pump according to a
ninth embodiment will be shown in FIG. 15 and FIG. 16. In
the ninth embodiment, four upper support bodies 834 of an
upper support member 804 extend in the peripheral direction.
The upper support body 834 has a slant part 835 and an
abutting part 836. The slant part 835 connects with an upper
cover part 821 inside in the radial direction of the upper
support member 804 and extends to the outside in the radial
direction and to the cover member side. The abutting part 836
extends in a peripheral direction from an end portion outside
in the radial direction of the slant part 835. The abutting part
836 abuts on the cover member 60. The upper support body
833 presses the cover member 60 to a side opposite to the
upper pump body 20 by a given spring force. In the lower
support member 90, like the seventh embodiment, the lower
support body 93 abuts on the depressed portion 192 of the
upper pump body 20. In this way, the pulsation damper 70 is
inhibited from moving in the radial direction and is positioned
in the fuel chamber 63. In the ninth embodiment, an area in
which the upper support body 834 abuts on the cover member
60 becomes large. For this reason, the resonance of the cover
member 60 by the pressure pulsation of the fuel chamber 63
can be inhibited. Hence, noises caused by the resonance of the
cover member 60 can be inhibited.

(10th Embodiment)

A main portion of a high pressure pump according to a 10th
embodiment will be shown in FIG. 17. In the tenth embodi-
ment, an upper support member 805 has three upper support
bodies 837. The upper support body 837 has a slant part 838
and an abutting part 839. The abutting part 839 extending in
the peripheral direction has an area larger than the abutting
part 836 of the ninth embodiment. The upper support body
833 presses the cover member 60 to a side opposite to the
upper pump body 20 by a given spring force. In the tenth
embodiment, an area in which the abutting part 839 of the
upper support body 837 abuts on the cover member 60
becomes large. Hence, the resonance of the cover member 60
caused by the pressure pulsation ofthe fuel chamber 63 canbe
inhibited.

(11th Embodiment)

A main portion of a high pressure pump according to an
11th embodiment will be shown in FIG. 18. In the 11th
embodiment, an elastic member 120 is set between the abut-
ting part 839 of the upper support member 805 and the cover
member 60. The elastic member 120 is made of, for example,
rubber or resin in the shape of a disk. Here, the shape of the
elastic member 120 is not limited to the shape of the disk but
may be formed nearly in the same shape as the abutting part
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839 of the upper support member 805. In the 11th embodi-
ment, the resonance of the cover member 60 is absorbed by
the elastic member 120 and hence the noises caused by the
resonance of the cover member 60 can be inhibited.

(12th Embodiment)

A main portion of a high pressure pump according to a 12th
embodiment will be shown in FIG. 19 and FIG. 20. In the 12th
embodiment, bent parts 822 are disposed on end portions on
the fuel passage 85 side ofthe upper cover part 82 of the upper
support member 80. Further, not shown in the drawing, bent
parts are disposed also on end portions on the fuel passage
side of the lower cover par 92 of the lower support member
90. The bent portions are bent to a side opposite to the pulsa-
tion damper body 71. In this way, contact pressures developed
when the cover parts 82, 92 abut on the diaphragms 72, 73 are
decreased and hence the durability ofthe pulsation damper 70
can be improved.

(13th Embodiment)

A high pressure pump 1 according to a 13th embodiment
will be shown in FIGS. 21 to 26B. The high pressure pump 1
pressurizes fuel sucked from a fuel tank (not shown) by a low
pressure pump and pressure-feeds the fuel to a fuel rail. To the
fuel rail is coupled an injector for injecting the fuel into a
cylinder of an internal combustion engine. Hereinafter, the
embodiment will be described on the assumption that an
upper side in FIG. 21 is an “upper” side and that a lower side
in FIG. 21 is a “lower” side. However, it is not intended to
limit a direction in which the high pressure is set.

The high pressure pump 1, as shown in FIG. 21 and FIG. 22
includes the plunger 10, the cylinder part 11, the upper pump
body 20 and a lower pump body 121 which form a pump
body, a cover member 160, a pulsation damper 170, and the
like. Here, the cylinder part 11 and the pump body may be
integrally constructed. The plunger 10 is formed in the shape
of'a solid cylinder and is set inside the cylinder part 11 in such
away to reciprocate in an axial direction. In the plunger 10, a
large-diameter part 312 and a small-diameter part 113, whose
outside diameter is smaller than the outside diameter of the
large-diameter part 312, are integrally formed. The large-
diameter part 312 slides on an inner wall of the cylinder part
11. The small-diameter part 113 is formed below the large-
diameter part 312.

The cylinder part 11 is formed in the shape of a cylinder
having a closed bottom end. A pressurizing chamber 210 is
formed of an inner wall on the bottom side of the cylinder part
11 and an outer wall of the large-diameter part 312 of the
plunger 10. The cylinder part 11 has a suction port 411, which
makes the pressurizing chamber 210 communicate with a
supply part 130, and a discharge port 312, which makes the
pressurizing chamber 210 communicate with a discharge part
150.

The lower pump body 121 is set outside in the radial
direction of the cylinder part 11 and has a cylinder holding
part411, an engine fixing part 312, and a fitting part 313. The
cylinder holding part 411 is formed in a cylindrical shape and
abuts on an outer wall outside in the radial direction of the
cylinder part 11. The engine fixing part 312 extends in the
shape of a ring to the outside in the radial direction from a
lower portion of the cylinder holding part 411. In this engine
fixing part 312 is formed a fixing hole 314 by which the high
pressure pump 1 can be fixed to an engine head. The fitting
part 313 extends downward in a cylindrical shape from the
engine fixing part 312. The fitting part 313 can be fitted in a
high pressure pump fixing hole of the engine head (not
shown).

An oil seal holder 114 is set inside the fitting part 313. The
oil seal holder 114 is formed nearly in a cylindrical shape and
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has a press-in part 241 pressed in an inner wall of the fitting
part 313 and a base part 242 positioned at an outer periphery
of the small-diameter part 113. A ring-shaped seal 115 is set
between the oil seal holder 114 and the small-diameter part
113. The seal 115 is constructed of a Teflon ring 351 (Teflon
is a trademark) set inside in the radial direction and an O ring
252 set outside in the radial direction. The thickness of a fuel
oil film around the small-diameter part 113 of the plunger 10
is controlled by the seal 115 to inhibit a leak of the fuel to the
engine. Further, the oil seal holder 114 has an oil seal 253 at
its tip. The thickness of an oil film around the small-diameter
part 113 of the plunger 10 is controlled to inhibit a leak of'the
oil into the high pressure pump 1 from the engine.

A plunger stopper 116 is formed in the shape of a disk and
is set between an end portion of the cylinder part 11 and the
seal 115. The small-diameter part 113 of the plunger 10 is
passed through a hole made in the center of the plunger
stopper 116. The plunger stopper 116 has a plurality of
grooves 261 extending to the outside in the radial direction
from the hole of the center. A variable volume chamber is
formed by a cylindrical space surrounded by the stepped face
of'the large-diameter part 312 and the small-diameter part 113
of the plunger 10, the inner wall of the small-diameter part
113, the inner wall of the cylinder part 11, and the plunger
stopper 116. A plunger spring 117 has one end engaged with
a spring seat 118 set on an end portion of the plunger 10 and
has the other end engaged with a press-in part 241 of the oil
seal holder 114. The plunger spring 117 biases an end portion
of'the plunger 10 to a camshaft (not shown) via a tappet (not
shown), whereby the plunger 10 is reciprocated in the axial
direction according to the profile of the camshaft. The volume
of the pressurizing chamber 210 and the volume of the vari-
able volume chamber are changed by the reciprocation move-
ment of the plunger 10.

The upper pump body 20 is formed nearly in the shape of
a rectangular solid and is set above the lower pump body 121.
The upper pump body 20 has a cylinder insertion hole 122, a
supply part 130, and a discharge part 150. In the upper pump
body 20, an inner wall of the cylinder insertion hole 122 is
pressed onto an outer wall outside in the radial direction of the
cylinder part 11. The supply part 130 is constructed of a
suction valve body 131, a seat body 132, a suction valve
member 133, a first spring holder 134, a first spring 135, an
electromagnetic drive part 140, and the like. The suction
valve body 131 is formed nearly in a cylindrical shape and is
pressed in a suction passage 123 formed in the upper pump
body 20. A cylindrical seat body 132 is set on the pressurizing
chamber side of the suction valve body 131. The seat body
132 has a suction chamber 411 formed inside. The suction
chamber 411 communicates with a fuel chamber 163 outside
the upper pump body 20 through a communication passage
124 formed in the upper pump body 20. The seat body 132 has
avalve seat 138 for a suction valve on the pressurizing cham-
ber side. The suction valve member 133 is set on the pressur-
izing chamber side of the valve seat 136 for a suction valve
and can be seated on or separated from the valve seat 136 for
a suction valve. One end of the first spring 135 abuts on a first
spring holder 134 set on the pressurizing chamber side of the
suction valve member 133 and the other end of the first spring
135 abuts on the suction valve member 133 (The first spring
135 biases the suction valve member 133 in a direction to
close the valve (in the left direction in FIG. 21).

The electromagnetic drive part 140 has a fixed core 241, a
coil 242, a movable core 143, and the like. The fixed core 241
is set on a side opposite to the pressurizing chamber 210 of the
suction valve body 131. A cylindrical member 144 formed of
anon-magnetic material is set between the fixed core 241 and
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the suction valve body 131. The cylindrical member 144
inhibits a short circuit of a magnetic flux from being devel-
oped between the fixed core 241 and the suction valve body
131. The coil 242 is wound around a bobbin 145 set outside in
the radial direction of the fixed core 241. The outside of the
coil 242 is covered with a cylindrical case 146 and a flange
147. A connector 148 is extended to the outside in the radial
direction of the case 145. When electricity is passed through
the coil 242 via a terminal 581 of the connector 148, the coil
242 generates a magnetic field. The movable core 143 nearly
shaped like a cylinder is set on the pressurizing chamber side
of'the fixed core 141 and inside the suction valve body 131 in
such a way as to reciprocate. The movable core 143 has a
needle 149 fixed thereto. The needle 149 is supported by a
second spring holder 137 set inside the suction valve body
131 in such a way as to reciprocate. An end portion on the
pressurizing chamber side of the needle 149 can abut on the
suction valve member 133. A second spring 138 set inside the
second spring holder 137 biases the needle 149 in a direction
to open the valve (right direction in FIG. 21) by a force
stronger than a force by which the first spring 135 biases the
suction valve member 133 in a direction to close the valve.

When the electricity is not passed through the coil 242, the
movable core 143 and the fixed core 241 are separated from
each other by a biasing force of the second spring 138. In this
way, the needle 149 integrated with the movable core 143 is
moved to the pressurizing chamber side to press the suction
valve member 133 by an end face of the needle 149, whereby
the suction valve member 133 is opened. When the electricity
is passed through the coil 242, a magnetic flux flows through
a magnetic circuit formed of the fixed core 241, the movable
core 143, the flange 147, and the case 146, and hence the
movable core 143 is magnetically attracted to the fixed core
241 side against the biasing force of the second spring 138. In
this way, the needle 149 releases a force of pressing the
suction valve member 133.

The discharge part 150 is constructed of a fuel discharge
housing 351, a discharge valve body 252, a discharge valve
member 253, arelief valve member 154, and the like. The fuel
discharge housing 351 is formed nearly in a cylindrical shape
and is pressed in a discharge passage 125 formed in the upper
valve body 20. Inside the fuel discharge housing 351 is set the
discharge valve body 252. The discharge valve body 252 has
avalve seat 156 for a discharge valve on a fuel outlet 155 side.
The discharge valve member 253 is set on the fuel outlet 155
side of the discharge valve body 252 and can be seated on and
separated from the valve seat 156 for a discharge valve. A
discharge valve spring 157 biases the discharge valve mem-
ber 253 to the valve seat 156 for a discharge valve. The
discharge valve body 252 has a valve seat 158 for a relief
valve on a pressurizing chamber side. The relief valve mem-
ber 154 is set on the pressurizing chamber side of the valve
seat 158 for a relief valve and can be seated on and separated
from the valve seat 158 for a relief valve. A relief valve spring
159 biases the relief valve member 154 to the valve seat 158
for arelief valve. A relief passage $21 formed inside the valve
seat 158 for a relief valve communicates with the fuel outlet
155.

The cover member 160 is formed in a shape having a closed
bottom and has a bottom part 261 and a cylinder part 162
extending in one direction from an outer edge of the bottom
part 261. The cylinder part 162 is hermetically joined to the
engine fixing part 312 of the lower pump body 121 by weld-
ing or the like. The cover member 160 covers the upper pump
body 20 and the lower pump body 121 and forms a fuel
chamber 163 inside itself. The fuel chamber 163 communi-
cates with the pressurizing chamber 210 through the commu-



US 9,109,593 B2

21

nication passage 124 of the upper pump body 20 and the
suction chamber 411. As shown in FIG. 22, the cover member
160 has the cylinder part 162 formed nearly in an octagonal
shape in cross section and has a first insertion hole 164 into
which the supply part 130 is inserted, a second insertion hole
165 into which the discharge part 150 is inserted, and a third
insertion hole 167 into which a fuel inlet 166 is inserted. The
fuel inlet 166 supplies the fuel sucked from a fuel tank (not
shown) by a low pressure pump to the fuel chamber 163. The
first insertion hole 164 and the supply part 130 of the cover
member 160 are joined to each other by welding or the like.
Similarly, the second insertion hole 165 and the discharge
part 150, and the third insertion hole 167 and the fuel inlet 166
are joined to each other, respectively, by the welding or the
like. When the fuel is sucked into the pressurizing chamber
210 from the fuel chamber 163 via the communication pas-
sage 124 and the suction chamber 411 by the reciprocation
movement of the plunger 10 or when the fuel is discharged to
the fuel chamber 163 from the pressurizing chamber 210 via
the suction chamber 411 and the communication passage 124,
a fuel pressure pulsation is generated in the fuel chamber 163.

As shown in FIG. 23 and FIGS. 24A, 24B, a pulsation
damper 170 is set between the upper pump body 20 and the
cover member 160. The pulsation damper 170 has a pulsation
damper body 171, an upper support member 180, and a lower
support member 190 and is constructed as a sub-assembly.
The pulsation damper body 171 is constructed of two dia-
phragms 172,173. Each of the diaphragms 172,173 is formed
in the shape of a plate by press-working a metal plate, for
example, a stainless steel plate having a high proof stress and
a high fatigue limit. In the pulsation damper body 171, the
peripheral edge portions 174, 175 of the two diaphragms 172,
173 are joined to each other and gas having a given pressure
is trapped in a closed space 176 formed inside the joined
diaphragms 172, 173. In the pulsation damper body 171, the
two diaphragms 172, 173 are elastically deformed according
to a change in the fuel pressure in the fuel chamber 163 to
thereby reduce the fuel pressure pulsation in the fuel chamber
183. By adequately setting the thickness, material, and out-
side diameter of the two diaphragms 172, 173 and the pres-
sure of the gas trapped in the closed space 176 according to
endurance or other required performance, a spring constant of
the pulsation damper body 171 is set. A pulsation frequency
and a pulsation damping capacity that are reduced by the
pulsation damper body 171 are determined by the spring
constant. When the thickness of the diaphragm is thin, a
pulsation damping effect of the pulsation damper body 171 is
improved. Further, when the movable parts 178, 179 of the
pulsation damper body 171 have a large outside diameter, the
pulsation damping effect of the pulsation damper body 171 is
improved. Here, the movable parts 178, 179 are parts that are
nearly shaped like a disk and that can be displaced when the
pulsation damper body 171 reduces the fuel pressure pulsa-
tion in the fuel chamber 163.

The upper support member 180 has an upper ring-shaped
part 181, an upper cover part 182, and upper support bodies
183 and is integrally formed by press-working a metal plate,
for example, a stainless steel plate having a given rigidity. A
plate forming the upper support member 180 is referred to as
afirstplate. The upper ring-shaped part 181 is formed parallel
to the peripheral edge portion 174 of the upper diaphragm 172
and in the shape of a ring. The upper ring-shaped part 181 of
the upper support member 180, the peripheral edge portion
174 of the upper diaphragm 172, the peripheral edge portion
175 of the lower diaphragm 173, and a lower ring-shaped part
291 of'the lower support member 190 are joined to each other
continuously over an entire circumference in a peripheral
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direction by the laser welding. A welding seam 177 will be
shown in FIG. 25. The welding seam 177 is formed over the
entire circumference of the pulsation damper 170.

The upper cover part 182 extends along the upper dia-
phragm 172 from the upper ring-shaped part 181. The upper
cover part 182 is formed in the shape of'a plane nearly parallel
to the movable part 178 of the upper diaphragm 172. Here, a
plane including the abutting faces of the peripheral edge
portions 174,175 of the two diaphragms 172, 173 is assumed
to be animaginary plane S'. A distance between the imaginary
plane S' in the case where the atmospheric pressure in the
closed space 176 of the pulsation damper body 171 is equal to
the atmospheric pressure outside the pulsation damper body
171 and a center of the outside end face of the movable part
178 is assumed to be a distance d1'. Further, a distance
between an end face on the upper diaphragm side of the upper
cover part 182 and the imaginary plane S' is assumed to be a
distance d2' (not shown). In this case, there is a relationship
such that d2">d1'. The upper cover part 182 inhibits the upper
diaphragm 172 from bulging to the bottom side of the cover
member 160. The upper cover part 182 has a circular fuel
passage 184 in the center and has four fuel passages 185 inthe
peripheral direction. These fuel passages 184, 185 are formed
by press-working the first plate.

The four upper support bodies 183 are formed at the same
time of press-working the fuel passages 184, 185 or by bend-
ing conducted after the press-working. In other words, a hole
formed when the upper support body 183 is cut out of the first
plate becomes the fuel passage 185. The upper support body
183 connects with an upper cover part 182 on the cover
member side of the movable part 178 of the upper diaphragm
172 and extends to the outside in the radial direction from a
position where the upper support body 183 connects with the
upper cover part 182. Specifically, the upper support body
183 has its one end connected with an inner peripheral side of
the upper cover part 182 (in detail, a position inside half the
radius of the upper diaphragm 172 and outside the fuel pas-
sage 184 in the center) and has the other end extended to an
outer peripheral side of the upper cover part 182. The upper
support body 183 has a vertical part 186 which extends nearly
vertically to the bottom side of the cover member 160 from
the upper cover part 182, an upper abutting part 187 which
bends short of the cover member 160 to the outside in the
radial direction from an end portion on a cover member side
of'the vertical part 186 and extends to the outside in the radial
direction, and a curving part 188 which curves to the upper
diaphragm side from an end portion outside in the radial
direction of the upper abutting part 187. In the upper support
body 183, the upper abutting part 187 abuts on an inner wall
of the cover member 160. The upper abutting part 187 abuts
on the cover member 160 on the outside in the radial direction
and has a small clearance formed between a portion inside in
the radial direction and the cover member 160. An angle
formed by the vertical part 188 and the upper abutting part
187 in the state where the pulsation damper 170 is not yet set
in the fuel chamber 163 is set at 90° or more. In this state, a
distance between the upper abutting part 187 of the upper
support body 183 and the upper cover part 182 is assumed to
be h1'. On the other hand, in the state where the pulsation
damper 170 is set in the fuel chamber 163, a distance between
the upper abutting part 187 of the upper support body 183 and
the upper cover part 182 is assumed to be h2'. In this case,
there is a relationship such thath1>h2'. A load to be applied to
the upper support body 183 is set by the material and the
thickness of the upper support body 183, the angle formed by
the vertical part 186 and the upper abutting part 187, and a
distance of (h1-h2)". In other words, the upper support body
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183 has a spring force of pressing the cover member 160 to a
side opposite to the pump body.

The lower support member 190 has substantially the same
construction as the upper support body 180. The lower sup-
port member 190 has a lower ring-shaped part 291, a lower
cover part 292, and lower support bodies 293 and is integrally
formed by press-working a plate made of metal, for example,
stainless steel having a given rigidity. The plate forming the
lower support member 190 is referred to as a second plate.
The lower ring-shaped part 291 is formed parallel to the
peripheral edge portion 175 of the lower diaphragm 173 and
in the shape of a ring. The lower cover part 292 extends along
the lower diaphragm 173 from the lower ring-shaped part
291. The lower cover part 292 is formed in the shape of a
plane parallel to the movable part 179 of the lower diaphragm
173. A distance between the imaginary plane S' in the case
where the atmospheric pressure in the closed space 176 of the
pulsation damper body 171 is equal to the atmospheric pres-
sure outside the pulsation damper body 171 and a center of an
outside end face of the movable part 179 is assumed to be d3'.
Further, a distance between an end face on the lower dia-
phragm 173 side of the lower cover part 292 and the imagi-
nary plane S' is assumed to be d4' (not shown). In this case,
there is a relationship such that d4'>d3". The lower cover part
292 inhibits the lower diaphragm 173 from bulging to an
upper body side. The lower cover part 292 has a circular fuel
passage 294 in the center and has four fuel passages 295 in the
peripheral direction. These fuel passages 294, 295 are formed
by press-working the second plate member.

The four lower support bodies 293 are formed at the same
time of press-working the fuel passages 294, 295 or by bend-
ing conducted after the press-working. In other words, a hole
formed when the lower support body 293 is cut out of the
second plate becomes the fuel passage 295. The lower support
body 293 connects with a lower cover part 292 on the pump
body side of the movable part 179 of the lower diaphragm 173
and extends to the outside in the radial direction from a
position where the lower support part 293 connects with the
lower cover part 292. Specifically, the lower support body 293
has its one end connected with an inner peripheral side of the
lower cover part 292 (in detail, a position inside half the
radius of the lower diaphragm 173 and outside the fuel pas-
sage 294 in the center) and has the other end extended to an
outer peripheral side of the lower cover part 292. The lower
support body 293 has a cylinder abutting part 296 which
extends nearly vertically to an upper pump body side from the
lower cover part 292, a lower abutting part 197 which bends
short of the upper pump body 20 to the outside in the radial
direction from an end portion on the upper pump body side of
this cylinder abutting part 295 and extends to the outside in
the radial direction, and a curving part 198 which curves to the
lower diaphragm 173 side from an end portion outside in the
radial direction of the lower abutting part 197.

The cylinder abutting part 296 extends in the axial direc-
tion of the cylinder part 11 along an outer wall of a projected
portion 119 of the cylinder part 11 projecting to a fuel cham-
ber side from the upper pump body 20. The projected portion
119 of the cylinder part 11 is inserted into between the four
cylinder abutting parts 296. An outside diameter of the pro-
jected portion 119 of the cylinder part 11 is assumed to be an
outside diameter D1'. The outside diameter D1' of the pro-
jected portion 119 of the cylinder part 11 is formed in a
smaller diameter than the outside diameter of a cylinder body
part pressed in the upper pump body 20. A distance between
end faces inside in the radial direction of the two cylinder
abutting parts 296 opposed to each other across the cylinder
part 11 is assumed to be a distance D2'. There is a relationship
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such that D1'=D2'. In this way, the cylinder abutting parts 296
are engaged with an outer wall outside in the radial direction
of'the projected portion 119 of the cylinder part 11. Thus, the
pulsation damper 170 is limited in its movement in the radial
direction.

The lower abutting part 197 is fitted in a depressed groove
126 made in the upper pump body 20. The lower abutting part
197 abuts on the depressed groove 126 of the upper pump
body 20 on the outside in the radial direction and has a small
clearance formed between its inside portion in the radial
direction and the depressed groove 126. In this state, a dis-
tance between the lower abutting part 197 and the low cover
part 292 is assumed to be h3'. On the other hand, in the state
where the pulsation damper 170 is set in the fuel chamber 163,
a distance between the lower abutting part 197 and the lower
cover part 292 is assumed to be h4'. In this case, there is a
relationship such thath3>h4'. Aload to be applied to the lower
support body 293 is set by the material and the thickness of
the lower support body 293, the angle formed by the cylinder
abutting part 295 and the lower abutting part 197, and a
distance of (h3'-h4"). In other words, the lower support body
293 has a spring force of pressing the upper pump body 20 to
a side opposite to the pump body 20. A space 400 is formed
continuously in the peripheral direction between the cylinder
part 162 of the cover member 160 and the pulsation damper
body 171. The fuel flows in the upper diaphragm 172 and in
the lower diaphragm 173 via the space 400. Thus, the fluid
resistance of the fuel chamber 163 is reduced and the pulsa-
tion damper 170 can produce a high pulsation damping effect.

Next, the action of the high pressure pump 1 will be
described.

() Suction Process

When the plunger 10 is moved down from the top dead
center to the bottom dead center by the rotation of the cam-
shaft, the volume of the pressurizing chamber 210 is
increased and hence the pressure of the fuel is decreased. A
discharge valve member 253 of the discharge part 150 is
seated on the valve seat 156 for the discharge valve to close
the fuel outlet 155. At this time, the passing of the electricity
through the coil 242 is stopped, so that the movable core 143
and the needle 149 are moved to the pressuring chamber side
by the biasing force of the second spring 138. As a result, the
needle 149 presses the suction valve member 133 to make the
suction valve member 133 abut on the first spring holder 134,
whereby the suction valve member 133 is held in an open
state. In this way, the fuel is sucked into the pressurizing
chamber 210 from the fuel chamber 183 via the communica-
tion passage 124, the suction chamber 411, and the suction
hole 411. In the suction process, when the plunger 10 is
moved down, the volume of the variable volume chamber is
decreased. Thus, the fuel in the variable volume chamber is
fed out to the fuel chamber 163.

(II) Volume Control Process

When the plunger 10 is moved up from the bottom dead
center to the top dead center by the rotation of the camshatft,
the volume of the pressurizing chamber 210 is decreased. At
this time, the passing of the electricity through the coil 242 is
stopped until a given timing, so that the suction valve member
133 is held in the open state. For this reason, the low-pressure
fuel sucked once into the pressurizing chamber 210 is
returned to the fuel chamber 163 via the communication
passage 124 and the like. In the volume control process, when
the plunger 10 is moved up, the volume of' the variable volume
chamber is increased. Thus, the fuel in the fuel chamber 163
is sucked into the variable volume chamber.

When the passing of the electricity through the coil 242 is
started at a given timing in the middle of the process in which
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the plunger 10 is moved up, a magnetic attracting force is
generated between the fixed core 141 and the movable core
143. When this magnetic attracting force is larger than a force
obtained by subtracting the biasing force of the first spring
135 from the biasing force of the second spring 138, the
movable core 143 and the needle 149 are moved to the fixed
core 141 side, whereby the force by which the needle 149
presses the suction valve member 133 is released. In this way,
the suction valve member 133 is seated on the valve seat 136
for a suction valve by the biasing force of the first spring 135,
thereby being brought into the open state.

(IIT) Pressurizing Process

After the suction valve member 133 is closed, as the
plunger 10 is move up, the fuel pressure of the pressurizing
chamber 210 is increased. When the force, which the pressure
of the fuel of the pressurizing chamber side applies to the
discharge valve member 253, is larger than a resultant force of
the force, which the pressure of the fuel on the fuel outlet 155
side applies to the discharge valve member 253, and the
biasing force of the discharge valve spring 157, the discharge
valve member 253 is opened. In this way, the fuel pressurized
in the pressurizing chamber 210 is discharged from the fuel
outlet 155. Here, the passing of the electricity through the coil
242 is stopped in the middle of the pressurizing process. The
force which the pressure of the fuel in the pressurizing cham-
ber 210 applies to the suction valve member 133 is larger than
the biasing force of the second spring 138, so that the suction
valve member 133 is held closed. In this way, the high pres-
sure pump 1 repeatedly performs the suction process, the
volume control process, and the pressuring process to thereby
pressurize and discharge the fuel of a volume necessary for
the internal combustion engine.

Next, a displacement and a stress developed in the pulsa-
tion damper body 171 will be described. The displacement of
the lower diaphragm 173 of the pulsation damper body 171
will be shown in FIG. 26A and the stress developed in the
lower diaphragm 173 at that time will be shown in FIG. 26B.
Solid lines on the left side of time to in FIG. 26A show a state
in which the engine of a vehicle is stopped and in which the
high pressure pump 1 is not acted (hereinafter referred to as
“non-acting state”). Since the lower diaphragm 173 has its
bulging restricted by the lower cover part 292, a distance
between a center of an outside end face of the lower dia-
phragm 173 and the imaginary plane S' is d3' in a non-acting
state. Here, a broken line C' on the left side of the time t0 in
FIG. 26 A shows a distance between a center of an outside end
face of alower diaphragm of'a conventional pulsation damper
body, which is not provided with a cover part, and the imagi-
nary plane S'. When time passes from the time t0 to time t1,
the high pressure pump 1 is brought from the non-acting state
into an action starting state. At this time, the fuel pressure in
the fuel chamber 163 is increased and hence the lower dia-
phragm 173 and the upper diaphragm 172 are displaced in the
direction in which both are brought closer to each other, so
that the distance between the center of the outside end face of
the lower diaphragm 173 and the imaginary plane S' is
deceased to a distance d4'. At this time, a displacement width
of the lower diaphragm 173 is A' (d3'-d4"). After the time t1,
the high pressure pump 1 is in the acting state. At this time, the
lower diaphragm 173 and the upper diaphragm 172 repeat-
edly perform an operation to come close to each other and an
operation to separate from each other because of the pulsation
of the fuel pressure in the fuel chamber 163. For this reason,
the distance between the center of the outside end face of the
lower diaphragm 173 and the imaginary plane S' is varied
within a given range. A displacement width of the lower
diaphragm 173 at this time is B'.
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In FIG. 26B, a stress developed in the lower diaphragm 173
when the distance between the center of the outside end face
of the lower diaphragm 173 and the imaginary plane S' is
larger than d4' is shown on a plus side (+) of a vertical axis,
whereas a stress developed in the lower diaphragm 173 when
the distance between the center of the outside end face of the
lower diaphragm 173 and the imaginary plane S' is smaller
than d4 is shown on a minus side (-) of the vertical axis. The
lower diaphragm 173 has its bulging restricted to d3' by the
lower cover part 292, so that a stress developed in the lower
diaphragm 173 when the high pressure pump 1 is in the
non-acting state is o1'. When the high pressure pump 1 is
brought from the non-acting state into the action starting
state, the stress developed in the lower diaphragm 173
becomes 0. A change in the stress of the lower diaphragm 173
at this time is A' (01'-0). After the time t1, when the high
pressure pump 1 is brought into the acting state, the stress
developed in the lower diaphragm 173 is varied within a given
range E'. Here, a broken line F' on the left side of the time t0
in FIG. 26B shows a stress developed in the lower diaphragm
of the conventional pulsation damper body not having the
cover part. The displacement and the stress of the upper
diaphragm 172 are developed similarly to the displacement
and the stress of the lower diaphragm 173. In the lower
diaphragm 173 and the upper diaphragm 172, a change in the
stress when the high pressure pump 1 is brought from the
non-acting state into the action starting state and from the
acting state into the non-acting state is reduced by the cover
part 182, 292 of the upper/lower support members 180, 190.

In the present embodiment, the following effects are pro-
duced. (1) In the present embodiment, the ring-shaped parts
181, 291 of the upper/lower support members 180, 190 are
formed parallel to the peripheral edge portions 174, 178 of the
upper/lower diaphragms 172, 173 and in the shape of a ring
and are joined to each other together with the peripheral edge
portions 174, 175 of the upper/lower diaphragms 172,173 in
the entire circumference by the laser welding. The peripheral
edge portions 174, 175 are increased in rigidity by the ring-
shaped parts 181, 291, whereby the peripheral edge portion
174 of the upper diaphragm 172 and the peripheral edge
portion 175 of the lower diaphragm 173 are inhibited from
being displaced in the direction in which they are separated
from each other. Hence, it is possible to reliably inhibit a
repeated stress from being applied to the joined portion 177 of
the peripheral edge portions 174, 175 of the upper/lower
diaphragms 172, 173 by a stress amplitude of the pulsation
damper body 170. (2) In the present embodiment, the pulsa-
tion damper body 171, the upper support member 180, and the
lower support member 190 are constructed as a sub-assembly,
so that a man-hour required for incorporating the pulsation
damper 170 into the fuel chamber 163 can be reduced. (3) In
the present embodiment, the lower support body 293 of the
lower support member 190 is engaged with the outer wall of
the projected portion 119 of the cylinder part 11. This can
surely inhibit the pulsation damper 170 from moving in the
radial direction. Thus, the pulsation damper body 171 can be
positioned easily and surely in the fuel chamber 163. (4) Inthe
present embodiment, the hole made in the first plate that is the
base material of the upper support member 180 by cutting out
the upper support body 183 from the first plate becomes the
fuel passage 185. Further, the hole made in the second plate
that is the base material of the lower support member 190 by
cutting out the lower support body 293 from the second plate
becomes the fuel passage 295. In this way, without working
the pump body 20 or the cover member 160, the upper support
183 and the lower support body 293 can be formed in the
upper support member 180 or the lower support member 190
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and, at the same time, can form the fuel passages 185, 295.
Hence, the production process of the upper support member
180 and the lower support member 190 can be simplified and
hence the production cost can be reduced. (5) In the present
embodiment, the upper/lower diaphragms 172, 173 are inhib-
ited from bulging in the direction in which they are separated
from each other by the upper/lower cover parts 182,292 of the
upper/lower support members 180, 190 supporting the pul-
sation damper body 171. For this reason, the stress amplitude
of'the pulsation damper 170 is reduced, which hence inhibits
the repeated stress from being applied to the joined portions
177 of the peripheral edge portions 174, 175 of the upper/
lower diaphragms 172, 173. Hence, the period of endurance
of the pulsation damper 170 can be elongated. (6) In the
present embodiment, the upper support body 183 abutting on
the cover member 160 connects with the upper cover part 182,
so that the displacement of the upper cover part 182 are
inhibited. Hence, by the upper cover part 182, the movable
part 178 of the upper diaphragm 172 can be surely inhibited
from being displaced to the cover member side. Further, the
lower support body 293 abutting on the upper pump body 20
connects with the lower cover part 292, so that the displace-
ment of the lower cover part 292 is inhibited. Hence, by the
lower cover part 292, the movable part 179 of the lower
diaphragm 173 can be surely inhibited from being displaced
to the pump body side. (7) In the present embodiment, the
upper ring-shaped part 181, the upper cover part 182, and the
upper support body 183 are integrally constructed, and the
lower ring-shaped part 291, the lower cover part 292, and the
lower support body 293 are integrally constructed, so that the
pulsation damper 170 can be fitted in the fuel chamber 163 by
a simple construction and the period of endurance of the
pulsation damper 170 can be elongated. Further, the number
of parts is not increased and hence the production cost of the
pulsation damper 170 can be reduced.

(14th Embodiment)

Ahigh pressure pump according to a 14th embodiment will
be shown in FIG. 27. In the 14th embodiment, four upper
support bodies 731 of the upper support member 801 connect
with the upper cover part 182 on the cover member side of the
movable part 178 of the upper diaphragm 172 and extend to
the inside in the radial direction from the positions in which
the upper support bodies 731 connect with the upper cover
part 182. Specifically, the upper support body 731 has its one
end connected with an outer peripheral side of the upper cover
part 182 (in detail, a position outside half the radius of the
upper diaphragm 172 and inside a bent portion of the upper
cover part 182) and has the other end extended to an inner
peripheral side of the upper cover part 182. The upper support
body 731 has a slant part 189, which extends on the slant from
the upper cover part 182 to a bottom side of the cover member
160 and a curving part 188, which curves to an upper dia-
phragm side from an end portion inside in the radial direction
of'the slant part 189. The slant part 189 abuts on an inner wall
of'the cover member 160. The four lower support bodies 731
of the lower support member 901 connect with the lower
cover part 292 on a pump body side of the movable part 179
of the lower diaphragm 173 and extend to the inside in the
radial direction from the positions in which the lower support
bodies 731 connect with the lower cover part 292. Specifi-
cally, the lower support body 731 has its one end connected
with an outer peripheral side of the lower cover part 292 (in
detail, a position outside half the radius of the lower dia-
phragm 173 and inside a bent portion of the lower cover part
292) and has the other end extended to an inner peripheral
side of the lower cover part 292. The lower support body 731
has a slant part 199, which extends on the slant from the lower
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cover part 292 to a bottom side of the cover member 160, and
acurving part 198, which curves from an end portion inside in
the radial direction of the slant part 199 to the lower dia-
phragm. The slant part 199 abuts on the upper pump body 20
and the curving part 198 abuts on the projected portion 119 of
the cylinder part 11.

The four upper support bodies 731 are formed at the same
time of press-working the fuel passages 184, 185 of the upper
cover part 182 or by bending conducted after the press-work-
ing. A hole formed when the upper support body 731 is cut out
of'the first plate becomes the fuel passage 185. The four lower
support bodies 731 are formed at the same time of press-
working the fuel passages 294, 295 of the lower cover part
292 or by bending conducted after the press-working. A hole
formed when the lower support body 731 is cut out of the
second plate becomes the fuel passage 295. A load to be
applied to the upper support body 731 is set by the material
and the thickness of the upper support body 731, an angle
formed by the upper cover part 182 and the slant part 189. A
load to be applied to the lower support body 731 is set by the
material and the thickness of the lower support body 731, an
angle formed by the lower cover part 292 and the slant part
199. The projected portion 119 of the cylinder part 11 is
inserted into between the four lower support bodies 731. The
lower support bodies 731 are engaged with an outer wall in
the radial direction of the projected portion 119 of the cylin-
der part 11. This inhibits the pulsation damper 170 from
moving in the radial direction. Also in the 14th embodiment,
the same effects as in the 13th embodiment described above
can be produced.

(15th Embodiment)

A main portion of a high pressure pump according to a 15th
embodiment will be shown in FIGS. 28A to 28C. In the 15th
embodiment, the upper support member 180 and the lower
support member 190 are joined to each other in the state in
which they are turned by 45° in the peripheral direction. The
position of the upper pump body 20 is shown by a single-dot
and dash line in FIG. 28C. Four lower support bodies 293
surely abut on the upper pump body 20. In the 15th embodi-
ment, in the case where there is a limit in a direction in which
the upper support member 180 is fitted under the conditions,
for example, that an inner wall of the cover member 160 has
depressions and projections, the pulsation damper 170 can be
set in the fuel chamber 163 without enlarging the width of the
upper pump body 20.

(16th Embodiment)

A high pressure pump according to a 16th embodiment will
be shown in FIG. 29 and its main portion will be shown in
FIG. 30. Inthe 16th embodiment, the cylinder part 11 does not
project into the fuel chamber 163 from the upper pump body
20. Instead, the upper pump body 20 has a projected portion
291. An upper member 703 has the upper ring-shaped part
181, the upper cover part 182, and an upper support body 733.
The upper support body 733 abuts on the cover member 160.
The upper support body 733 presses the cover member 160 to
a side opposite to the upper pump body 20 by a given spring
force. The lower support member 190 has the lower ring-
shaped part 291, the lower cover part 292, and the lower
support body 293. The lower support body 293 abuts on the
upper pump body 20 and the projected portion 291 of the
upper pump body 20. In this way, the pulsation damper 170 is
limited in the movement in the radial direction and is posi-
tioned in the fuel chamber 163. The lower support body 293
presses the upper pump body 20 to a side oppositeto the cover
member 160 by a given spring force. Also in the present
embodiment, a hole made in the first plate that is the base
material of the upper support member 70 by cutting out the
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upper support body 733 from the first plate becomes a fuel
passage 185. Further, a hole made in the second plate that is
the base material member of the lower support member 190
by cutting out the lower support body 293 from the second
plate becomes a fuel passage 295. Also in the 16th embodi-
ment, the same effects as in the 13th to the 15th embodiments
described above can be produced.

(17th Embodiment)

A main portion of a high pressure pump according to a 17th
embodiment will be shown in FIG. 31. In the 17th embodi-
ment, a depressed portion 292 is formed in the upper pump
body 20. The lower support body 293 of the lower support
member 190 abuts on the depressed portion 292 of the upper
pump body 20. In this way, the pulsation damper 170 is
limited in the movement in the radial direction and is posi-
tioned in the fuel chamber 163. Also in the 17th embodiment,
the same effects as in the 13th to the 16th embodiments
described above can be produced.

(18th Embodiment)

A main portion of a high pressure pump according to an
18th embodiment will be shown in FIG. 32. In the 18th
embodiment, holes 293 are formed in the upper pump body
20. The lower support body 293 of the lower support member
190 has projections 933 at the positions corresponding to the
holes 293 of the upper pump body 20. When the projections
933 of the lower support body 293 are fitted in the holes 293
of the upper pump body 20, the pulsation damper 170 is
limited in the movement in the radial direction and is posi-
tioned in the fuel chamber 163. Further, in the 18th embodi-
ment, the pulsation damper 170 is positioned in a position
shifted in the direction separated from the communication
passage 124 of the upper pump body 20 (in a right direction in
FIG. 32). For this reason, a space near the communication
passage 124 of the fuel chamber 163 is made wider. Hence,
the flow coefficient of the fuel flowing to the communication
passage 124 from the fuel chamber 163 increases and hence
the fuel easily flows. Further, the flow coefficient of the fuel
flowing to the fuel chamber 163 from the communication
passage 124 increases and hence the fuel easily flows. Hence,
the pressure pulsation of the fuel can be reduced and the
suction efficiency of the fuel from the fuel chamber 163 into
the pressurizing chamber 210 can be improved.

(19th Embodiment)

A main portion of a high pressure pump according to a 19th
embodiment will be shown in FIG. 33. In the 19th embodi-
ment, a pump body 200 has a communication passage 240
formed therein. The communication passage 240 is open in an
inner wall of the fuel chamber 163 positioned outside in the
radial direction of the pulsation damper 170. Also in this case,
the pulsation damper 170 is positioned in a position shifted in
the direction separated from the communication passage 240
of the upper pump body 200, so that a space near the com-
munication passage 240 of the fuel chamber 163 is made
wider. Hence, the flow coefficient of the fuel flowing to the
communication passage 240 from the fuel chamber 163
increases and hence the fuel easily flows. Further, the flow
coefficient of the fuel flowing to the fuel chamber 163 from
the communication passage 240 increases and hence the fuel
easily flows. Hence, the pressure pulsation of the fuel can be
reduced and the suction efficiency of the fuel from the fuel
chamber 163 into the pressurizing chamber 210 can be
improved.

(20th Embodiment)

A main portion of a high pressure pump according to a 20th
embodiment will be shown in FIGS. 34 to 36. In the 20th
embodiment, a lower support body 732 of a lower support
member 702 has a leg part 934, a body abutting part 935, a
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body engaging part 936, and a projection 937. The leg part
934 extends from the lower cover part 292 to the pump body
20 side. The body abutting part 935 extends nearly in parallel
to a top surface of the pump body 20 from an end portion on
the pump body side of the leg part 934. The body engaging
part 936 extends along an end face in the width direction of
the pump body 20. The projection 937 is formed in the body
engaging part 936 and is fitted in a hole 194 formed in the
pump body 20. In this way, the lower support member 702 is
engaged with the pump body 20 by the lower support body
732, so that the pulsation damper 170 can be fitted in the fuel
chamber 163.

As shown in FIG. 35, the lower support body 732 is formed
at the same time of press-working the second plate that is the
base material of the lower support member 702 or by bending
performed after the press-working. In FIG. 35, the positions
in which the leg part 934, the body abutting part 935, and the
body engaging part 935 of the lower support body 732 are
bent are shown by broken lines. A hole made in the second
plate by cutting out the lower support body 732 from the
second plate becomes a fuel passage 295. As shown in FIG.
36, before the lower support body 732 is fitted in the pump
body 20, the body abutting part 935 and the top surface of the
pump body 20 are not parallel to each other. For this reason,
when the lower support body 735 is fitted in the pump body
20, a spring force of lifting up the projection 937 is applied to
the lower support body 732 and hence the projection 937 is
surely fixed in the hole 194. Hence, this can prevent the
pulsation damper 170 from rattling because of the manufac-
turing tolerances of the projection 937 and the hole 194.

In the 20th embodiment, by engaging only the lower sup-
port body 732 of the lower support member 702 with the
pump body 20, the pulsation damper 170 can be fitted in the
fuel chamber 163. Hence, the pulsation damper 170 can be
fitted in the fuel chamber 163 by a simple construction. Fur-
ther, the size of the lower support body 732 can be decreased
and the flow of the fuel in the fuel chamber 163 can be made
better.

(21st Embodiment)

A main portion of a high pressure pump according to a 21st
embodiment will be shown in FIG. 37 and FIG. 38. In the 20th
embodiment, the body engaging part 936 of the lower support
body 732 is divided into three portions. A central portion 938
of'the three portions is greatly bent to the hole 194 of the pump
body 20 and is engaged with the hole 194. Both side portions
939 of body engaging part 936 prevent the lower support body
732 from being slanted.

(22nd Embodiment)

A main portion of a high pressure pump according to a
22nd embodiment will be shown in FIG. 39 and FIG. 40. In
the 22nd embodiment, the lower cover part 292 has a lower
support body 940 of a lower support member 903 formed
therein. The lower support body 940 extends parallel to an
end face in the width direction of the pump body 20. The
projection 937 formed in the lower support body 940 is fitted
in the hole 194 of the pump body 20. In this way, the pulsation
damper 170 is fitted in the fuel chamber 163. In FIG. 40, the
position in which the lower support body 940 is bent is shown
by broken lines. A hole made in the second plate by cutting
out the lower support body 940 from the second plate
becomes the fuel passage 295. Further, the lower support
body 940 has a fuel passage 951 formed therein. The fuel of
the fuel chamber 163 can flow through the fuel passage 951.
(23rd Embodiment)

A main portion of a high pressure pump according to a 23rd
embodiment will be shown in FIG. 41. In the 23rd embodi-
ment, three lower support bodies 941 of a lower support
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member 904 are formed on one end face of the pump body 20,
respectively. The projection 937 formed in the lower support
body 941 is fitted in the hole 194 of the pump body 20. In this
way, the pulsation damper 170 is fitted in the fuel chamber
163. In FIG. 41, the positions in which the lower support body
941 is bent are shown by broken lines. A hole made in the
second plate by cutting out the lower support body 941 from
the second plate becomes the fuel passage 295. Further, a fuel
passage is formed also between the lower support body 941
and the lower support body 941, respectively. The fuel of the
fuel chamber 163 can flow through these fuel passages.
(24th Embodiment)

A main portion of a high pressure pump according to a 24th
embodiment will be shown in FIGS. 42 to 45. In the 24th
embodiment, a corner portion of the pump body 20 in which
a lower support body 942 of the lower support member 905 is
engaged with are cut out on the slant. By fitting the lower
support body 942 in this cutout portion 201, the pulsation
damper 170 can be prevented from being shifted in a position
in the longitudinal direction of the pump body 20. Here, it is
essential only that of the plurality of lower support bodies
942, the lower support body 942 corresponding to the cutout
portion 201 of the pump body 20 is at least one for one end
face in the width direction of the pump body 20. Further,
before the lower support body 942 is fitted on the pump body
20, the cutout portion 201 of the pump body 20 and the lower
support body 942 are not parallel to each other. For this
reason, when the lower support body 942 is fitted on the pump
body 20, a spring force of lifting up the projection 937 is
applied to the lower support body 942, whereby the projec-
tion 937 of the lower support body 942 is surely fitted in the
hole 194 of the pump body 20. Thus, this can prevent the
pulsation damper 170 from rattling.

(25th Embodiment)

A main portion of a high pressure pump according to a 25th
embodiment will be shown in FIG. 46 and FIG. 47. In the 25th
embodiment, a lower support member 906 has elastic parts
950 each having a spring force of pressing the pump body 20.
As shown in FIG. 47, the elastic part 950 is cut out from the
second plate together with the other lower support body 941.
The elastic part 950 lifts up the pulsation damper 170 to the
cover member side, so that the projection 937 of the lower
support body 941 is surely fixed by the hole 194 of the pump
body 20. Thus, this can prevent the pulsation damper 170
from rattling.

(26th Embodiment)

A main portion of a high pressure pump according to a 26th
embodiment will be shown in FIG. 48 and FIG. 49. In the 26th
embodiment, at the same time when a fuel passage 951 is
formed in the lower support body 940 of he 22nd embodi-
ment, a plate of the position in which the fuel passage 951 is
formed is made an elastic part 952. The elastic part 952 abuts
on the top face of the pump body 20 and has a spring force of
pressing the pump body 20. The elastic part 952 lifts up the
pulsation damper 170 to the cover member side, so that the
projection 937 of the lower support body 940 is surely fixed
by the hole 194 of the pump body 20. Thus, this can prevent
the pulsation damper 170 from rattling.

(27th Embodiment)

A main portion of a high pressure pump according to a 27th
embodiment will be shown in FIGS. 50 to 54. In the 27th
embodiment, a pump body 200 has a ring-shaped groove 195
formed therein. An inner peripheral wall 196 in the radial
direction of the groove 195 has its diameter decreased in a
tapered shape to the inside in the radial direction from a
bottom side to the cover member side. A plurality of support
bodies 943 arranged radially in a lower support member 908
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are extended from the inside in the radial direction to the
outside in the radial direction and are fitted on an inner periph-
eral wall of the groove 195, respectively. When the lower
support bodies 943 are fitted in the groove 195 of the pump
body 200, as shown in FIG. 52 and FIG. 53, the plurality of
support bodies 943 are pressed to the inside in the radial
direction by an end face on the cover member side of the inner
peripheral wall 196 of the groove 195. Thereafter, when the
lower support bodies 943 are further moved to the bottom side
of'the groove 195, as shown in FIG. 54, the plurality of lower
support bodies 943 are opened to the outside in the radial
direction by the elastic forces of themselves at the bottom of
the groove 195, thereby being engaged with the inner periph-
eral wall 196 of the groove 195. In this way, the pulsation
damper 170 is fitted to the pump body 200 by the lower
support bodies 943 of the lower support member 908.

(28th Embodiment)

A main portion of a high pressure pump according to a 28th
embodiment will be shown in FIG. 55. In the 28th embodi-
ment, an upper support member 704 is constructed of only an
upper ring-shaped part 181. The rigidity is increased by the
upper ring-shaped part 181 of the upper support member 704
and a lower ring-shaped part 291 of a lower support member
702, which hence prevents a stress developed by the displace-
ment of the diaphragms 172, 173 from being applied to a
welded portion 177 of the peripheral edge portions 174, 175.
For this reason, it is not necessary to press the peripheral edge
portions 174, 175 of the diaphragms 172, 173 from above and
below. Hence, by engaging only the lower support body 732,
which extends from the lower ring-shaped part 291 of the
lower support member 702, with the pump body 20, the
pulsation damper 170 can be fitted in the fuel chamber 163.
(29th Embodiment)

A main portion of a high pressure pump according to a 29th
embodiment will be shown in FIG. 56 and FIG. 57. FIG. 57
shows a state, when viewed from above, of the pump body 20
in the state where the pump body 20 is not yet fitted with the
pulsation damper 170. The pump body 20 is formed in an
extruded shape or a drawn shape having a nearly constant
cross section vertical to a longitudinal direction. The pump
body 20 has a main pump body 220, first flange parts 221, and
second flange parts 222. The first flange part 221 projects in
the width direction from the main pump body 220. The sec-
ond flange part 222 projects in the width direction from the
first flange part 221. The second flange part 222 has cutout
portions 223 at positions corresponding to lower support
bodies 944 of a lower support member 909. The lower support
body 944 of the lower support member 909 is engaged with
the first flange part 221 via the cutout portion 223 of the
second flange part 222. The lower support body 944 has its
movement limited in the longitudinal direction of the pump
body 20 by the cutout portion 223. Further, the lower support
member 909 has an elastic part 952. The elastic part 952 has
a spring force of pressing the pump body 20. The elastic part
952 lifts up the pulsation damper 170 to the cover member
side, so that the lower support body 944 and the first flange
part 221 of the pump body 20 are surely fixed to each other.
Hence, this can prevent the pulsation damper 170 from rat-
tling.

(30th Embodiment)

A main portion of a high pressure pump according to a 30th
embodiment will be shown in FIG. 58 and FIG. 59. In the 30th
embodiment, a lower support member 910 has a lower cylin-
der part 945 and arm parts 946 extending in the peripheral
direction and to the outside in the radial direction from the
lower cylinder part 945. The arm part 946 is cut out of the
lower cylinder part 945 and is bent to the outside in the radial
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direction. Further, the arm part 946 extends on the slant to the
cover member side. The arm part 946 of the lower support
member 910 is engaged with a groove portion 250 formed in
an inner wall of the pump body 200 positioned outside in the
radial direction of the pulsation damper 170. The arm part 946
of'the lower support member 910 has a spring force of press-
ing the groove portion 250 of the pump body 200 to the cover
member side. For this reason, the lower cylinder part 945 of
the lower support member 910 is pressed onto the pump body
200 that is the bottom of the fuel chamber 163. Hence, this can
prevent the pulsation damper 170 from rattling because of the
manufacturing tolerances of the arm part 946 and the groove
portion 250.

(31st Embodiment)

A main portion of a high pressure pump according to a31st
embodiment will be shown in FIG. 60. In the 31st embodi-
ment, a radius of curvature of an arm part 947 is larger than a
radius of curvature of the lower cylinder part 945. The radius
of curvature of the arm part 947 is nearly equal to a radius of
curvature of the groove portion 250 of the pump body 200.
Even this construction can produce the same effects as in the
30th embodiment.

(32nd Embodiment)

A main portion of a high pressure pump according to a
32nd embodiment will be shown in FIG. 61. In the 32nd
embodiment, a radius of curvature of an arm part 948 is
smaller than the radius of curvature of the groove portion 250
of the pump body 20 and is smaller than the radius of curva-
ture of the lower cylinder part 945. Even this construction can
produce the same effects as in the 30th embodiment.

(33rd Embodiment)

A main portion of a high pressure pump according to a 33rd
embodiment will be shown in FIG. 62. In the 33rd embodi-
ment, arm parts 949 of a lower support member 911 extend
vertically to a central axis of the lower cylinder part 945.
Further, the lower support member 911 has elastic parts 953
onthe pump body side. The elastic part 953 abuts on the pump
body 200 and has a spring force of pressing the pump body
200. In this way, the arm parts 949 of the lower support
member 911 are pressed onto to the end face on the cover
member side of the groove portion 250. Hence, this can
prevent the pulsation damper 170 from rattling.

(34th Embodiment)

A main portion of a high pressure pump according to a 34th
embodiment will be shown in FIG. 63. In the 34th embodi-
ment, the cover member 160 has a groove portion 251 formed
in its inner wall positioned outside in the radial direction of
the pulsation damper 170. An arm part 946 of the lower
support member 910 is engaged with the groove portion 251
of the cover member 160. The arm part 946 of the lower
support member 910 has a spring force of pressing the groove
portion 251 of the cover member 160 to a side opposite to the
pump body 200. For this reason, the lower cylinder part 945 of
the lower support member 160 is pressed onto the pump body
20 that is the bottom of'the fuel chamber 163. Hence, this can
prevent the pulsation damper 170 from rattling.

(35th Embodiment)

A main portion of a high pressure pump according to a 35th
embodiment will be shown in FIG. 64. In the 35th embodi-
ment, arm parts 949 of a lower support member 911 are
engaged with the groove portion 251 of the cover member
160. The lower support member 911 has the elastic parts 953
onthe pump body side. The arm parts 949 are pressed onto the
end face of the groove portion 251 of the cover member 160.
Hence, this can prevent the pulsation damper 170 from rat-
tling.
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(36th Embodiment)

A main portion of a high pressure pump according to a 36th
embodiment will be shown in FIG. 65. In the 36th embodi-
ment, the lower support member 911 has a ring 300 set on the
pump body side of the arm part 949 thereof. The ring 300 is
pressed and fixed in the groove portion 251 of the cover
member 160. In this way, the arm parts 949 of the lower
support member 911 are fixed in the groove portion 251. A
clearance is made between the lower cylinder part 945 of the
lower support member 911 and the pump body 20 and the fuel
can flow through the clearance.

(Other Embodiments)

In the 20th embodiment to the 36th embodiment, the lower
support body extending from the lower ring-shaped part of
the lower support member of the pulsation damper is con-
structed in such a way as to be engaged with the groove or the
hole of the pump body or with the groove of the cover mem-
ber. In contrast to this, in the other embodiments, the upper
support body extending from the upper ring-shaped part of
the upper support member of the pulsation damper may be
engaged with the groove or the hole formed in the cover
member or with the groove and the like of the pump body.

The present disclosure is not limited to the embodiments
described above but can be put into practice net only in the
combination of the plurality of the embodiments described
above but also in other various modes within a scope not
departing from the gist of the disclosure.

The present disclosure has been described with reference
to the embodiments but it should be understood that the
present disclosure is not limited to the embodiments and the
structures. The present disclosure includes also various modi-
fied embodiments and modifications within an equivalent
scope. In addition, it should be recognized that various com-
binations and modes and other combinations and modes hav-
ing only one element, more elements, or less elements added
to those lie within the scope and spirit of the present disclo-
sure.

What is claimed is:

1. A high pressure pump comprising:

a plunger that is capable of reciprocating in its axial direc-

tion;
a cylinder part which includes a pressurizing chamber and
receives the plunger in such a way that the plunger is
capable of reciprocating;
a pump body that includes a supply part which is config-
ured to supply fuel into the pressurizing chamber, and a
discharge part which is configured to discharge fuel
pressurized in the pressurizing chamber;
a cover member that covers the pump body and defines a
fuel chamber communicating with the supply part;
apulsation damper body that includes an upper diaphragm
and a lower diaphragm with their peripheral edge por-
tions joined to each other, wherein gas having a prede-
termined pressure is sealed between the upper dia-
phragm and the lower diaphragm, so that a pressure
pulsation in the fuel chamber is reduced;
an upper support member that includes:
an upper ring-shaped part which is joined to the periph-
eral edge portion of the upper diaphragm;

an upper cover part which forms a radially central part of
the upper support member and which extends from
the upper ring-shaped part in a planar shape along the
upper diaphragm; and

an upper support body which extends outward in a radial
direction and toward the cover member from the
upper cover part and is in contact with the cover
member; and
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a lower support member that includes:

a lower ring-shaped part which is joined to the peripheral

edge portion of the lower diaphragm; and
a lower support body which extends from the lower ring-
shaped part and is in contact with the pump body,

wherein the upper ring-shaped part, the peripheral edge
portion of the upper diaphragm, the peripheral edge
portion of the lower diaphragm, and the lower ring-
shaped part are formed parallel to each other and are all
joined together continuously in a circumferential direc-
tion of the pulsation damper body.

2. The high pressure pump according to claim 1, wherein
the lower support body of the lower support member is in
contact with a depressed portion or a projected portion of the
pump body, and the pulsation damper body is thereby posi-
tioned in the fuel chamber.

3. The high pressure pump according to claim 1, wherein:

the upper support body of the upper support member has a

spring force of pressing the cover member in a direction
opposite to the pump body; and

the lower support body of the lower support member has a

spring force of pressing the pump body in a direction
opposite to the cover member.

4. The high pressure pump according to claim 1, wherein:

the upper ring-shaped part, upper cover part, and the upper

support body of the upper support member are formed
from a first plate; and
the lower ring-shaped part and the lower support body of
the lower support member are formed from a second
plate, the high pressure pump further comprising:

afuel passage configured as a hole made in the first plate by
cutting out the upper support body from the first plate;
and
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afuel passage configured as a hole made in the second plate
by cutting out the lower support body from the second
plate.
5. The high pressure pump according to claim 1, wherein
the upper support body of the upper support member extends
radially outward of the pulsation damper body from the upper
cover part and extends from a radially outward end portion of
the upper support body in a circumferential direction of the
pulsation damper body to be in contact with the cover mem-
ber.
6. The high pressure pump according to claim 5, further
comprising an elastic member disposed between the upper
support body of the upper support member and the cover
member.
7. The high pressure pump according to claim 1, wherein:
the cylinder part projects from an end face of the pump
body on the fuel chamber-side into the fuel chamber; and

the lower support body of the lower support member is in
contact with the cylinder part which projects into the fuel
chamber, and the pulsation damper body is thereby posi-
tioned in the fuel chamber.

8. The high pressure pump according to claim 1, wherein
the cover member defines a continuous space in a circumfer-
ential direction of the pulsation damper body, and wherein the
cover member includes an inner wall which defines the fuel
chamber and is located radially outward of the pulsation
damper body, the upper support member, and the lower sup-
port member.

9. The high pressure pump according to claim 1, wherein
the upper support body is in contact with the cover member at
a position within the radial extent of the pulsation damper
body.



